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Preface 


The purpose of this manual is to provide technical information on explosives used by United 
States military forces and their most frequent applications. This manual does not discuss all 
applications but presents the most current information on demolition procedures used in most 
situations. 


If used properly, explosives serve as a combat multiplier to deny maneuverability to the enemy. 
Focusing mainly on these countermobility operations, this manual provides a basic theory of 
explosives, their characteristics and common uses, formulas for calculating various types of charges, 
and standard methods of priming and placing these charges. 


When faced with unusual situations, the responsible engineer must either adapt one of the 
recommended demolition methods or design the demolition from basic principles presented in this 
and other manuals. The officer in charge must maintain ultimate responsibility for the demolition 
design, ensuring the safe and efficient application of explosives. 
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Chapter 1 
Military Explosives 


Section I. Demolition Materials 


1-1. Characteristics. To be suitable for use in military operations, explosives must have certain 
properties. Military explosives— 


Should be inexpensive to manufacture and capable of being produced from readily 
available raw materials. 


Must be relatively insensitive to shock or friction, yet be able to positively detonate by 
easily prepared initiators. 


Must be capable of shattering and must have the potential energy (high energy output 
per unit volume) adequate for the purpose of demolitions. 


Must be stable enough to retain usefulness for a reasonable time when stored in 
temperatures between -80 and +165 degrees Fahrenheit. 


Should be composed of high-density materials (weight per unit volume). 
Should be suitable for use underwater or in damp climates. 
Should be minimally toxic when stored, handled, and detonated. 


1-2. Selection of Explosives. Select explosives that fit the particular purpose, based on their 
relative power. Consider all characteristics when selecting an explosive for a particular demolition 
project. See Technical Manual (TM) 9-1300-214 for detailed information on military explosives. 
(page 1-2) contains significant information regarding many of the explosives described 
below. 


1-3. Domestic Explosives. 


a. Ammonium Nitrate. Ammonium nitrate is the least sensitive of the military explosives. It 
requires a booster charge to successfully initiate detonation. Because of its low sensitivity, 
ammonium nitrate is a component of many composite explosives (combined with a more sensitive 
explosive). Ammonium nitrate is not suitable for cutting or breaching charges because it has a low 
detonating velocity. However, because of its excellent cratering affects and low cost, ammonium 
nitrate is a component of most cratering and ditching charges. Commercial quarrying operations 
use ammonium nitrate demolitions extensively. Pack ammonium nitrate in an airtight container 
because it is extremely hydroscopic (absorbs humidity). Ammonium nitrate or composite 
explosives containing ammonium nitrate are not suitable for underwater use unless packed in 
waterproof containers or detonated immediately after placement. 


b. Pentaerythrite Tetranitrate (PETN). PETN is a highly sensitive and very powerful military 
explosive. Its explosive potential is comparable to cyclonite (RDX) and nitroglycerin. Boosters, 
detonating cord, and some blasting caps contain PETN. It is also used in composite explosives with 
trinitrotoluene (TNT) or with nitrocellulose. A PETN-nitrocellulose composite (MI 18 sheet 
explosive) is a demolition charge. The PETN explosive is a good underwater-demolition because 
it is almost insoluble in water. 
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Table 1-1. Characteristics of US demolitions explosives 


Detonation "m Ge | 
Applications verry Toxicity Resistance 


Ft/Sec 


Ammonium Nitrate |Cratering Charge 2,700 8,900 | 0.42 | Dangerous | Poor | 


16,000 Dangerous 


M1 Dynamite Demolition Charge | 6100 | 20,000 | 0.92 | Dangerous | Fair | 


20,000 
to 
24,000 


h 


ENSE 


Dangerous | Excellent 


liti m Charna 
innuit vias 
n 


22,600 1.00 


| Tetrytol 75/25 Demolition Charge 7,000 | 23,000 | 1.20 | Dangerous | Excellent 


Booster Charge 
Composition Explosive 7,100 23,300 | 1.25 | Dangerous Excellent 


Cutting Charge 


|Sheet Explosive 
M118 and M186 


Nitroglycerin 


yee 


ercial 1.50 


Bangalore Torpedo, |Demolition Charge 7.800 | 25.600 | | Dangerous | 
|M1A2 i $ ` 


Shaped Charges 
M2A3, M2A4, and 


RANA 
MORAL 


Commercial Dynamite 


7 
1.17 


Booster Charge 
Bursting Charge 


Detonating Cord 
Blasting Caps 
Demolition Charges 


eg et Fat et am 


Blasting Caps 


wärs 


Composition Explosives 


SALIA 


Dangerous | Excellent 


| *TNT equals 1.00 


c. Cyclotrimethlenetrinitramine (RDX). RDXis also a highly sensitive and very powerful 
military explosive. It forms the base charge in the M6 electric and M7 nonelectric blasting caps. 
When RDxX is desensitized, it serves as a subbooster, booster, bursting charge, or demolition charge. 
The principal use for RDX is in composite explosives, such as Composition A, B, and C explosives. 
RDX is available commercially under the name cyclonite. 
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d. Trinitrotoluene. TNT is the most common military explosive. It maybe in composite form, 
such as a booster, a bursting, or a demolition charge, or in a noncomposite form. Since TNT is a 
standard explosive, it is used to rate other military explosives. 


e. Tetryl. Tetryl is an effective booster charge in its noncomposite form and a bursting or a 
demolition charge in composite forms. Tetryl is more sensitive and powerful than TNT. However, 
RDX- and PETN-based explosives, which have increased power and shattering effects, are replacing 
tetryl and composite explosives containing tetryl. 


f. Nitroglycerin. Nitroglycerin is one of the most powerful high explosives. Its explosive 
potential is comparable to RDX and PETN. Nitroglycerin is the explosive base for commercial 
dynamites. Nitroglycerine is highly sensitive and extremely temperature-sensitive. Military 
explosives do not use nitroglycerin because of its sensitivity. Do not use commercial dynamites in 
combat areas. 


g. Black Powder. Black powder is the oldest-known explosive and propellant. It is a composite 
of potassium or sodium nitrate, charcoal, and sulfur. Time fuses, some igniters, and some detonators 
contain black powder. 


h. Amatol. Amatol is a mixture of ammonium nitrate and TNT. It is a substitute for TNT in 
bursting charges. Some older bangalore torpedoes use 80-20 amatol (80 percent ammonium nitrate 
and 20 percent TNT). Because amatol contains ammonium nitrate, it is a hydroscopic compound. 
Keep any explosives containing amatol in airtight containers. If properly packaged, amatol remains 
viable for long periods of time, with no change in sensitivity, power, or stability. 


i. Composition A3. Composition A3 is a composite explosive containing 91 percent RDX and 
9 percent wax. The purpose of the wax is to coat, desensitize, and bind the RDX particles. 
Composition A3 is the booster charge in some newer shaped charges and bangalore torpedoes. 
High-explosive plastic (HEP) projectiles may also contain Composition A3 as a main charge. 


j. Composition B. Composition B is a composite explosive containing approximately 60 
percent RDX, 39 percent TNT, and 1 percent wax. It is more sensitive than TNT. Because of its 
shattering power and high rate of detonation, Composition B is the main charge in shaped charges. 


k. Composition B4. Composition B4 contains 60 percent RDX, 39.5 percent TNT, and 0.5 
percent calcium silicate. Composition B4 is the main charge in newer models of bangalore 
torpedoes and shaped charges. 


l. Composition C4 (C4). C4 is a composite explosive containing 91 percent RDX and 9 percent 
nonexplosive plasticizers. Burster charges are composed of C4. C4 is effective in temperatures 
between -70 to+ 170 degrees Fahrenheit; however, C4 loses its plasticity in the colder temperatures. 


m. Tetrytol. Tetrytol is a composite explosive containing 75 percent tetryl and 25 percent TNT. 
Itis the explosive component in demolition charges. Booster charges require different mixtures of 
tetryl and TNT. Tetrytol is more powerful than its individual components, is better at shattering 
than TNT, and is less sensitive than tetryl. 


n. Pentolite. Pentolite is a mixture of PETN and TNT. Because of its high power and 
detonating rate, a mixture of 50-50 pentolite (50 percent PETN and 50 percent TNT) makes an 
effective booster charge in certain models of shaped charges. 
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o. Dynamites. 


(1) Standard Dynamite. Most dynamites, with the notable exception of military dynamite, 
contain nitroglycerin plus varying combinations of absorbents, oxidizers, antacids, and 
freezing-point depressants. Dynamites vary greatly in strength and sensitivity depending on, among 
other factors, the percentage of nitroglycerin they contain. Dynamites are for general blasting and 
demolitions, including land clearing, cratering and ditching, and quarrying. 


(2) Military Dynamite. Military dynamite is a composite explosive that contains 75 percent 
RDX, 15 percent TNT, and 10 percent desensitizers and plasticizers. Military dynamite is not as 
powerful as commercial dynamite. Military dynamite’s equivalent strength is 60 percent of 
commercial dynamiters. Because military dynamite contains no nitroglycerin, it is more stable and 
safer to store and handle than commercial dynamite. 


1-4. Foreign Explosives. 


a. Composition. Foreign countries use a variety of explosives, including TNT, picric acid, 
amatol, and guncotton. Picric acid is similar to TNT, but it also corrodes metals and thus forms 
extremely sensitive compounds. 


WARNING 
Do not use picric acid in rusted or corroded metal containers. 


Do not handle picric acid. Notify explosive ordnance disposal (EOD) personnel 
for disposition. 


b. Use. You may use the explosives of allied nations and those captured from the enemy to 
supplement standard supplies. Only expert demolitionists should use such explosives and then only 
according to instructions and directives of theater commanders. Captured bombs, propellants, and 
other devices may be used with US military explosives for larger demolition projects, such as pier, 
bridge, tunnel, and airfield destruction. Most foreign explosive blocks have cap wells large enough 
to receive US military blasting caps. Since foreign explosives may differ from US explosives in 
sensitivity and force, test shots should be made to determine their adequacy before extensive use or 
mixing with US-type explosives. 


Section II. Service Demolition Charges 


1-5. Block Demolition Charges. Block demolition charges are prepackaged, high-explosive 
charges for general demolition operations, such as cutting, breaching, and cratering. They are 
composed of the high-explosive TNT, tetrytol, Composition-C series, and ammonium nitrate. 
Block charges are rectangular inform except for the 40-pound, ammonium-nitrate block demolition 
charge, military dynamite, and the V-pound-TNT block demolition charge, which are all cylindrical 
in form. The various block charges available are described in the text that follows, as well as[ Table] 
See TM 43-0001-38 for detailed information about demolition charges and accessories. 
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Table 1-2. Characteristics of block demolition charges 


Detonation | __ 
Unit Size Velocity RE 
(Pounds) (Inches) Factor 
FUSec 


oso [max 1a x 984 | 6900 | 22.600 | 100 [o6perBousoub | 
| 1.00 |134 x 134 x 7 6,900 | 22,600 1.00 148 per Box/53 Lb 
Kand | 2500 JA xS xS | 7300 [2400] 1.14 pen | 
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The volume of M112 is 20 cubic inches. The volume of one sheet of M118 is 9 cubic inches. 
Packaging weights include packaging material and weight of container. 


do: TO 


Packaging/ 
Weight? 


1-6. TNT Block Demolition Charge. 


a. Characteristics. TNT block demolitions, shown in Figure 1-1, are available in three sizes 
(Table 1-2). The 4-pound block is issued in a cylindrical, waterproof, olive-drab cardboard 
container. The %-pound and l-pound blocks are available in similar rectangular containers. All 
of the three charges have metal ends with a threaded cap well in one end. 


Cap well Cap well 


Figure 1-1. TNT block demolition charges 


b. Use. TNT block demolition charges are effective for all types of demolition work. However, 
the 4-pound charge is primarily for training purposes. 


c. Advantages. TNT demolition charges have a high detonating velocity. They are stable, 
relatively insensitive to shock or friction, and water resistant. They also are conveniently sized, 
shaped, and packaged. 


d. Limitations. TNT block demolition charges cannot be molded and are difficult to use on 
irregularly shaped targets. TNT is not recommended for use in closed spaces because one of the 
products of explosion is poisonous gases. 
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1-7. M112 Block Demolition Charge. 


a. Characteristics. The M112 block demolition charge consists of 1.25 pounds of C4 packed 
in an olive-drab, Mylar-film container with a pressure-sensitive adhesive tape on one surface (Figure 


1-2). The tape is protected by a peelable paper cover. | Table 1-2|(page 1-5) lists additional 
characteristics of the M112 block. 


b. Use. The M112 block demolition 
charge is used primarily for cutting and 
à breaching. Because of its high cutting effect 

BE: and its ability to be cut and shaped, the M112 
charge is ideally suited for cutting irregularly 
shaped targets such as steel. The adhesive 

Figure 1-2. M112 block demolition charge backing allows you to place the charge on any 

relatively flat, clean, dry surface with a 

temperature that is above the freezing point. The MI12 charge is the primary block demolition 
charge presently in use. 


EIN 


WARNING 
Composition C4 explosive is poisonous and dangerous if chewed or 
i ingested; its detonation or burning produces poisonous fumes. Cut all 


plastic explosives with a sharp steel knife on a nonsparking surface. 
Do not use shears. 


c. Advantages. You can cut to shape the M112 block demolition charge to fit irregularly shaped 
targets. The color of the wrapper helps camouflage the charge. Molding the charge will decrease 
its cutting effect. 


d. Limitations. The adhesive tape will not adhere to wet, dirty, rusty, or frozen surfaces. 
1-8. M118 Block Demolition Charge. 


a. Characteristics. The M118 block demolition charge, or sheet explosive, is a block of four 
%-pound sheets of flexible explosive packed in a plastic envelope (Figure 1-3). Twenty MI18 
charges and a package of 80 M8 blasting-cap holders are packed in a wooden box. Each sheet of 
the explosive has a pressure-sensitive adhesive tape attached to one surface[Table 1-2 (page 1 -5) 
lists additional characteristics for the M118 charge. 


b. Use. The MI18 charges are designed for 
cutting, especially against steel targets. The 
LAC RU sheets of explosive are easily and quickly 

. USE DEMOLITION Wu ` | applied to irregular and curved surfaces and are 
WAM 06-63 3 || || easily cut to any desired dimension. The M118 
charge is effective as a small breaching charge 
but, because of its high cost, it is not suitable as 
Figure 1-3. M118 block demolition charge a bulk explosive charge. 
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c. Advantages. The flexibility and adhesive backing of the sheets allow application to a large 
variety of targets. You can cut the %-pound sheets to any desired dimension and apply them in 
layers to achieve the desired thickness. The MI18 charge is not affected by water, making it 
acceptable for underwater demolitions. 


d. Limitations. The adhesive tape will not adhere to wet, dirty, rusty, or frozen surfaces. 
1-9. M186 Roll Demolition Charge. 


a. Characteristics. The MI86 roll demolition charge, shown in Figure 1-4, is identical to the 
MI18 block demolition charge except that the sheet explosive is in roll form on a 50-foot, plastic 
spool. Each foot of the roll provides approximately a half pound of explosive. Included with each 
roll are 15 M8 blasting cap holders and a canvas bag with carrying strap| Table 1-2] (page 1-5) lists 
additional characteristics for the M186 charge. 


Pressure-sensitive tape 


A E ea 


Flexible explosive 
Protective cover we 


Figure 1-4. M186 roll demolition charge 


b. Use. Use the M186 roll demolition charge in the same manner as the MI18 block demolition 
charge. The MI86 charge is adaptable for demolishing targets that require the use of flexible 
explosives in lengths longer than 12 inches. 


c. Advantages. The MI86 roll demolition charge has all the advantages of the MI18 block 
demolition charge. You can cut the M186 charge to the exact lengths desired. 


d. Limitations. The adhesive backing will not adhere to wet, dirty, rusty, or frozen surfaces. 
1-10. Forty-Pound, Ammonium-Nitrate Block Demolition Charge 


a. Characteristics. (page 1-8) shows the 40-pound, ammonium-nitrate block 
demolition charge or cratering charge. It is a watertight, cylindrical metal container with 
approximately 30 pounds of an ammonium-nitrate-based explosive and 10 pounds of TNT-based 
explosive booster in the center, next to the priming tunnels. The two priming tunnels are located 
to the outside of the container, midway between the ends. One tunnel serves as a cap well for 
priming the charge with an M6 electric or M7 nonelectric military blasting cap. The other tunnel 
series as a priming path, with the detonating cord passing through the tunnel and knotted at the end. 
There is a cleat between the tunnels to secure the time blasting fuse, electrical firing wire, or 
detonating cord. There is a metal ring on the top of the container for lowering the charge into its 
hole [Table 1-2 (page 1-5) lists additional characteristics for the 40-pound, ammonium-nitrate block 
demolition charge. 
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Detonating-cord tunnel 


Cleat 
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b. Use. This charge is suitable for cratering and ditching operations. Its primary use is as a 
cratering charge, but it also is effective for destroying buildings, fortifications, and bridge abutments. 


c. Advantages. The size and shape of this charge make it ideal for cratering operations. It is 
inexpensive to produce compared to other explosives. 


d. Limitations. Ammonium nitrate is hydroscopic. When wet, it will not detonate. To ensure 
detonation, use metal containers showing no evidence of water damage. Detonate all charges placed 
in wet or damp boreholes as soon as possible. 


1-11. MI Military Dynamite. 


a. Characteristics. M1 military dynamite is an RDX-based composite explosive containing 
no nitroglycerin (Figure 1-6). M 1 dynamite is packaged in %-pound, paraffin-coated, cylindrical 
paper cartridges, which have a nominal diameter of 1.25 inches and a nominal length of 8 inches. 
[able 1 2l(page 1-5) lists additional characteristics for MI military dynamite. 


b. Use. MI dynamite’s primary uses are 
military construction, quarrying, ditching, and 
service demolition work. It is suitable for 
underwater demolitions. 


c. Advantages. MI dynamite will not freeze 
or perspire in storage. The MI dynamite’s 
composition is not hydroscopic. Shipping 
containers do not require turning during storage. 
MI dynamite is safer to store, handle, and 
transport than 60-percent commercial dynamite. 
Figure 1-6. M1 military dynamite Unless essential, do not use civilian dynamite in 
combat areas. 


d. Limitations. MI dynamite is reliable underwater only for 24 hours. Because of its low 
sensitivity, pack sticks of military dynamite well to ensure complete detonation of the charge. MI 
dynamite is not efficient as a cutting or breaching charge. 
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Section III. Special Demolition Charges and Assemblies 


1-12. Shaped Demolition Charge. The shaped demolition charge used in military operations is 
a cylindrical block of high explosive. It has a conical cavity in one end that directs the cone-lining 
material into a narrow jet to penetrate materials (Figure 1-7). This charge is not effective underwater, 
since any water in the conical cavity will prevent the high-velocity jet from forming. To obtain 
maximum effectiveness, place the cavity at the specified standoff distance from the target, and 
detonate the charge from the exact rear center, using only the priming well provided. Never dual 
prime a shaped charge. 


À 14 15/16" 


Standoff 


Figure 1-7. Shaped charges 


a. Characteristics. 


(1) Fifteen-Pound, M2A4 Shaped Demolition Charge. The M2A4 charge contains a 
0.1 I-pound (50 gram) booster of Composition A3 and a 11.5-pound main charge of Composition 
B. It is packaged three charges per wooden box (total weight is 65 pounds). This charge has a 
moisture-resisting, molded-fiber container. A cylindrical fiber base slips onto the end of the charge 
to provide a 6-inch standoff distance. The cavity liner is a cone of glass. The charge is 14 ^/,, 
inches high and 7 inches in diameter, including the standoff. 


(2) Forty-Pound, M3A1 Shaped Demolition Charge. The M3A1 charge contains a 0.1 l-pound 
(50 gram) booster of Composition A3 and a 29.5-pound main charge of Composition B. It is 
packaged one charge per box (total weight is 65 pounds). The charge is in a metal container. The 
cone liner also is made of metal. A metal tripod provides a 15-inch standoff distance. The charge 
is 15 % inches high and 9 inches in diameter, not including standoff. 
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b. Use. A shaped demolition charge’s primary use is for boring holes in earth, metal, masonry, 
concrete, and paved and unpaved roads. Its effectiveness depends largely on its shape, composition, 
and placement. Table 1-3, lists the penetrating capabilities of various materials and the proper 
standoff distances for these charges. 


Table 1-3. Characteristics of boreholes made by shaped charges 


M2A4 M3A1 
Material Specifications Shaped Charge | Shaped Charge 
(15-Pound)* (40-Pound)** 


Armor plate Penetration 12.00 in At least 20.00 in 
Average hole diameter 1.50 in 2.50 in 


Reinforced concrete ¡Maximum wall thickness 36.00 in 60.00 in 
Penetration depth in thick walls 30.00 in 60.00 in 
Average hole diameter 2.75 in 3.50 in 
Minimum hole diameter 2.00 in 2.00 in 


Concrete pavement Optimum standoff 42.00 in 60.00 in 
| (10-inch with 21-inch {Minimum penetration depth 44.00 in 71.00 in 

rock base course) Maximum penetration depth 91.00 in 109.00 in 
Minimum hole diameter 1.75 in 6.75 in 


Concrete pavement [Optimum standoff 42.00 in 
(3-inch with 24-inch {Minimum penetration depth 38.00 in 
rock base course) Maximum penetration depth 90.00 in 

Minimum hole diameter 3.75 in 


Permafrost Hole depth (30-inch standoff} 72.00 in 
Hole depth (42-inch standoff) 60.00 in 
Hole depth (50-inch standoff) — 
Hole diameter (42-inch standoff) 1.50 to 6.00 in 
Hole diameter (50-inch standoff) — 5.00 to 8.00 in 
Hole diameter (normal standoff) 4.00 to 30.00 in 7.00 to 30.00 in 


Hole depth (42-inch standoff) 
Hole diameter (42-inch standoff) 


Hole depth (30-inch standoff) — 
Hole depth (48-inch standoff) — 7.00 ft 
Hole diameter (30-inch standoff) 00 i — 
Hole diameter (48-inch standoff) 14.50 in 


Hole depth (30-inch standoff} 
Hole depth (48-inch standoff) 
Hole diameter (30-inch standoff) 
Hole diameter (48- -inch 1 standoff) 


PA dash in the M2A4 Shaped Charge column indicates that a M3A1 shaped charge i Gang uu 
("A dash in the M3A1 Shaped Charge column indicates that a M2A4 shaped charge i is sufficient. 


c. Special Precautions. To achieve the maximum effectiveness of shaped dees 


- Center the charge over the target point. 
- Align the axis of the charge with the direction of the desired hole. 
- Use the pedestal to obtain the proper standoff distance. 
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Suspend the charge at the proper height on pickets or tripods, if the pedestal does not 
provide the proper standoff distance. 


Remove any obstruction in the cavity liner or between the charge and the target. 
1-13. M183 Demolition Charge Assembly. 


a. Characteristics. The M183 demolition charge assembly or satchel charge consists of 16 
M112 (C4) demolition blocks and 4 priming assemblies. It has a total explosive weight of 20 
pounds. The demolition blocks come in two bags, eight blocks per bag. The two bags come in an 
M85 canvas carrying case. Two M85 cases come in a wooden box 171/8 by 11% by 12% inches. 
Each priming assembly consists of a 5-foot length of detonating cord with an RDX booster crimped 
to each end and a pair of MI detonating-cord clips for attaching the priming assembly to a detonating 
cord ring or line main. 


b. Use. The M183 assembly is used primarily forereaching obstacles or demolishing structures 
when large demolition charges are required (Figure 1-8). The M183 charge also is effective against 
smaller obstacles, such as small dragon’s teeth. 


CHARGE Ee TON vt 
Du-1-02 06 -63 


10" ——4 
M112 


Biock charge 
(16 charges per kit) 


Detonating 
cord clip 


Detonating cord Booster 


RDX booster 
charge ——> v d CRIE 0) 


EN 62" maximum — 


Carrying case Priming assembly 
M85 (filled) (4 assemblies per kit) 


Figure 1-8. M183 demolition charge assembly 


c. Detonation. Detonate the M183 demolition charge assembly with a priming assembly and 
an electric or a nonelectric blasting cap or by using a detonating-cord ring main attached by 
detonating cord clips. 


1-14. M1A2 Bangtlore-Torpedo Demolition Kit. 


a. Characteristics. Each kit consists of 10 loading assemblies, 10 connecting sleeves, and 1 
nose sleeve. The loading assemblies, or torpedoes, are steel tubes 5 feet long and 2 1/s inches in 
diameter, grooved, and capped at each end [Figure 13) page 1-12). The torpedoes have a 4-inch, 
Composition A3 booster (% pound each) at both ends of each 5-foot section. The main explosive 
charge is 10% pounds of Composition B4. The kit is packaged in a 60%- by 13%- by 4 9/16-inch 
wooden box and weighs 198 pounds. 
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Figure 1-9. M1A2 Bangalore torpedo 


b. Use. The primary use of the torpedo is clearing paths through wire obstacles and heavy 
undergrowth. It will clear a 3- to 4-meter-wide path through wire obstacles. 


WARNING 
The Bangalore torpedo may detonate a live mine when being placed. 
To prevent detonation of the torpedo during placement, attach the nose sleeve 
to a fabricated dummy section (approximately the same dimensions 
as a single Bangalore section) and place the dummy section onto the front end 
of the torpedo. 


c. Assembly. All sections of the torpedo have threaded cap wells at each end. To assemble 
two or more sections, press a nose sleeve onto one end of one tube, and then connect successive 
tubes, using the connecting sleeves provided until you have the desired length. The connecting 
sleeves make rigid joints. The nose sleeve allows the user to push the torpedo through entanglements 
and across the ground. 


d. Detonation. The recommended method to detonate the torpedo is to prime the torpedo with 
eight wraps of detonating cord and attach two initiation systems for detonation. Another method 
for priming the Bangalore torpedo is by inserting an electric or a nonelectric blasting cap directly 
into the cap well. Do not move the torpedo after it has been prepared for detonation. You may 
wrap the end with detonating cord prior to placing it, but do not attach the blasting caps until the 
torpedo is in place. 


1-15. M180 Demolition Kit (Cratering). 


a. Characteristics. This kit consists of an M2A4 shaped charge, a modified M57 electrical 
firing device, a warhead, a rocket motor, a tripod, and a demolition circuit [Figure 1- 10). The shaped 
charge, firing device, and warhead are permanently attached to the launch leg of the tripod. The 
rocket motor and the demolition circuit (packed in a wooden subpack) are shipped separately. The 
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kit weighs approximately 165 pounds (74.25 kilograms). TM 9-1375-213-12-1 provides the 
assembly procedures, operational description, and maintenance instructions for the M180 kit. 


Rocket motor case assembly 
Firing circuit 
de H-6, cratering charge 
warhead assembly 
(40 Ib of H-6) 


To blasting machine or 
connector to next eee 


Safety device 


M57 firing device 
Tripod assembly 


M2A4 
shaped charge 


Demolition circuit " 
assembly Stabilizer 


Figure 1-10. M180 demolition kit assembly 


b. Use. The M180 is designed to produce a large crater in compacted soil or road surfaces, 
but not in reinforced concrete, arctic tundra, bedrock, or sandy soil. The charge produces a crater 
in two stages. The shaped charge blows a pilot hole in the surface. Then, the rocket-propelled 
warhead enters the hole and detonates, enlarging the pilot hole. Up to five kits can be set up close 
together and fired simultaneously to produce an exceptionally large crater. Up to 15 kits can be 
widely spaced and freed simultaneously for airfield pocketing. 


WARNING 
Regardless of the number of kits used, the minimum safe distances for the 


M180 cratering kit are 1,200 meters for unprotected personnel and 
150 meters for personnel under overhead cover. 


c. Detonation. When firing the M180, use the M34 50-cap blasting machine. 


Section IV. Demolition Accessories 


1-16. Time Blasting Fuse. The time blasting fuse transmits a delayed spit of flame to a nonelectric 
blasting cap. The delay allows the soldier to initiate a charge and get to a safe distance before the 
explosion. There are two types of fuses: the M700 time fuse and safety fuse. Although safety fuse 
is not often employed, it is still available. 
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Yellow band a. M700 Time Fuse. The M700 fuse is a 
dark green cord, 0.2 inches in diameter, with a 
plastic cover (Figure 1-1 1). The M700 bums at 
an approximate rate of 40 seconds per foot. 


However, test the burning rate as outlined in 
page 2-2) 
Depending on the date of manufacture, the 
Waterproof | cover may be smooth or have single yellow 
SE bands around the outside at 12- or 18-inch 
intervals and double yellow bands at 60- or 
90-inch intervals. These bands accommodate 
Figure 1-11, M700 time fuse hasty measuring. The outside covering 
becomes brittle and cracks easily in arctic 
temperatures. The M700 time fuse is packaged in 50-foot coils, two coils per package, five packages 
per sealed container, and eight containers (4,000 feet) per wooden box (30 1/s by 15 1/8 by 14 7/8 
inches). The total package weighs 94 pounds. 


Fiber cord 


b. Safety Fuse. Safety fuse consists of 
black powder tightly wrapped with several 
layers of fiber and waterproofing material. The 
outside covering becomes brittle and cracks 
easily in arctic temperatures. The burning rate 
may vary for the same or different rolls (30 to 
45 seconds per foot) under different 
Outer cevering atmospheric and climatic conditions. This fuse 

may be any color, but orange is the most 

common (Figure 1-12). Test each roll in the 

area where the charge will be placed 
[2-Ib(1), page 2-2). Since safety fuse burns 
significantly faster underwater, test it underwater before preparing an underwater charge. Safety 
fuse is packaged in 50-foot coils, two coils per package, and 30 packages (3,000 feet) per wooden 
box (24% by 15% by 12 % inches). The total package weighs 93.6 pounds. 


1-17. Detonating Cord. 


Fiber cord 


Waterproofing ———95^ 


Figure 1-12. Safety fuse 


a. Characteristics. The American, British, Canadian, and Australian (ABCA) Standardization 
Program recognizes this Type 1 detonating cord as the standard detonating cord. Detonating cord 
(Figure 1-13) consists of a core of high explosive (6.4 pounds of PETN per 1,000 feet) wrapped in 
a reinforced and waterproof olive-drab plastic coating. This detonating cord is approximately 0.2 
inches in diameter, weighs approximately 18 pounds per 1,000 feet, and has a breaking strength of 
175 pounds. Detonating cord is functional in the same temperature range as plastic explosive, 
although the cover becomes brittle at lower temperatures. Moisture can penetrate the explosive 
filling to a maximum distance of 6 inches from any cut or break in the coating. Water-soaked 
detonating cord will detonate if there is a dry end to allow initiation. For this reason, cut off and 
discard the first 6 inches of any new or used detonating cord that nonelectric blasting caps are 
crimped to. Also, leave a 6-inch overhang when making connections or when priming charges. 


1-14 


FM 5-250 


Polyethylene 
coating 


Figure 1-13. Detonating cord 


b. Use. Use detonating cord to prime and detonate other explosive charges. When the 
detonating cord’s explosive core is initiated by a blasting cap, the core will transmit the detonation 
[Chapter 2 


wave to an unlimited number of explosive charges. Chapter 2|explains the use of detonating cord 
for these purposes. 


c. Precautions. Seal the ends of detonating cord with a waterproof sealant when used to fire 
underwater charges or when charges are left in place several hours before firing. If left for no longer 
than 24 hours, a 6-inch overlap will protect the remainder of a line from moisture. Avoid kinks or 
sharp bends in priming, as they may interrupt or change the direction of detonation and cause 
misfires. Avoid unintended cross-overs of the detonating cord where no explosive connection is 
intended. To avoid internal cracking do not step on the detonating cord. 


1-18. Blasting Caps. Blasting caps are for detonating high explosives. There are two types of 
blasting caps: electric and nonelectric. They are designed for insertion into cap wells and are also 
the detonating element in certain firing systems and devices. Blasting caps are rated in power, 
according to the size of their main charge. Commercial blasting caps are normally Number 6 or 8 
and are d detonating the more sensitive explosives, such as commercial dynamite and tetryl. 
Special military blasting caps (M6 electric and M7 nonelectric) ensure positive detonation of the 
generally less sensitive military explosives. Their main charge is approximately double that of 
commercial Number 8 blasting caps. Never carry blasting caps loose or in uniform pockets where 
they are subject to shock. Separate blasting caps properly. Never store blasting caps with other 


explosives. Do not carry blasting caps and other explosives in the same truck except in an emergency 
(paragraph 6-11, page 6-10). 


WARNING 
Handle military and commercial blasting caps carefully, as both are 
extremely sensitive and may explode if handled improperly. 
Do not tamper with blasting caps. Protect them from shock and extreme heat. 


a. Electric Blasting Caps. Use electric blasting caps when a source of electricity, such as a 
blasting machine or a battery, is available. Both military and commercial caps may be used. 
Military caps Ge page 1-6) operate instantaneously. Commercial caps may operate 
instantaneously or have a delay feature. The delay time of commercial caps for military applications 
ranges from 1 to 1.53 seconds. Electric caps have lead wires of various lengths. The most common 
lead length is 12 feet. Electric caps require 1.5 amperes of power to initiate. The standard-issue cap 
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is the M6 special electric blasting cap. TM 43-0001-38 gives additional information on blasting 
caps. 


WARNING 
Do not remove the short-circuiting shunt until ready to test the cap. 


Doing this prevents accidental initiation by static electricity. 
If the cap has no shunt, twist the lead’s bare ends together with at least 
three 180-degree turns to provide a shunting action. 


Plug Assembly 


Short-circuiting tab must be ; 
removed before connecting Aluminum 


caps in firing circuit Pre . 
N Nu RII == Lead wires 


— C 


a 


“Ss 


M6 special pu ee ani 
(on cardboard spool) Aluminum yu =» Lead wires 


alloy cup 


mm (RDX) h Ignition charge 


Plug assembly 


Figure 1-14. Electric blasting caps 


b. Nonelectric Blasting Caps. Initiate these 
caps with time-blasting fuse, a firing device, or 
detonating cord (Figure 1-15). Avoid using 
nonelectric blasting caps to prime underwater 


| Intermediate 
Aluminum charge 

Aluminum alloy ferrule 

alloy cap 


Base charge 
(RDX) 


ng charges because the caps are hard to waterproof. 
nonelectric blasting cap is the standard issue. 
The open end of the M7 special nonelectric 

= information on blasting caps. 

AA j 

adii 1-19. MIA4 Priming Adapter. The MIA4 
shoulder inside the threaded end will allow time blasting fuse and detonating cord to pass, but the 
shoulder is too small to pass a military blasting cap. To accommodate electric blasting caps, the 


| d If necessary, waterproof nonelectric blasting 

pu grim caps with a sealing compound. The M7 special 

blasting cap is flared to allow easy insertion of 

the time fuse. TM 43-0001-38 gives additional 

Figure 1-15. Nonelectric blasting cap ` priming adapter is a plastic, hexagonal-shaped 

device, threaded to fit threaded cap wells. The 

adapter has a lengthwise slot that permits blasting cap lead wires to be quickly and easily installed 
in the adapter (Figure 1-16). 
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Detonating cord or 
time blasting fuse 


Priming 


Priming adapter 
Electric blasting cap 


Firing wire 
Cap pulled into adapter 


Nonelectric 
blasting cap 


Le — 


Figure 1-16. M1A4 priming adapter 


1-20. M8 Blasting Cap Holder. The M8 
blasting cap holder is a metal clip designed 


to attach a blasting cap to a sheet explosive N 

(Figure 1-17). These clips are supplied e d 
with M118 sheet demolition charges and 

M186 roll demolition charges. The M8 


blasting cap holder is also available as a 
separate-issue item in quantities of 4,000. 


1-21. MI Detonating-Cord Clip. The 
MI detonating-cord clip is a device for holding two strands of detonating cord together, either 


parallel or at right angles (Figure 1-18, diagram 1). Using these clips is faster and more efficient 
than using knots. Knots, if left for extended periods, may loosen and fail to function properly. 


Figure 1-17. M8 blasting cap holder 


Ring/line main 
Trough ~ Bend as D 


Branch line 


Cilp Before Bending Branch-Line Connection Splicing Two Cords 


Diagram 1 Diagram 2 Diagram 3 


igure 1-18. detonating-cord clip 


a. Branch Lines. Connect a detonating cord branch line by passing it through the trough of 
the MI detonating cord clip and through the hole in the tongue of the clip. Next, place the line/ring 
main into the tongue of the clip so that it crosses over the branch line at a 90-degree angle and ensure 
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the crossover is held secure by the tongue; it may be necessary to bend or form the tongue while 
doing this. (Figure 1-18, diagram 2, page 1-17). 


b. Splices. Splice the ends of detonating cords by first overlapping them a 12 
inches. Then secure each loose end to the other cord by using a clip. Finally, bend the tongues of 
the clips firmly over both strands. Make the connection stronger by bending the trough end of the 


clip back over the tongue [Figure 1-18, diagram 3, page 1-17). 


1-22. MI Adhesive Paste. MI adhesive paste is a sticky, putty-like substance that is used to attach 
charges to flat, overhead or vertical surfaces. Adhesive paste is useful for holding charges while 
tying them in place or, under some conditions, for holding without ties. This paste does not adhere 
satisfactorily to dirty, dusty, wet, or oily surfaces. Ml adhesive paste becomes useless when 
softened by water. 


1-23. Pressure-Sensitive Adhesive Tape. 


a. Characteristics. Pressure-sensitive tape is replacing MI adhesive paste. Pressure-sensitive 
tape has better holding properties and is more easily and quickly applied. This tape is coated on 
both sides with pressure-sensitive adhesive and requires no solvent or heat to apply. It is available 
in 2-inch-wide rolls , 72 yards long. 


b. Use. This tape is effective for holding charges to dry, clean wood, steel, or concrete. 


c. Limitations. This tape does not adhere to dirty, wet, oily, or frozen surfaces. 


1-24. Supplementary Adhesive for Demolition Charges. 


a. Characteristics. This 
adhesive is used to hold 
demolition charges when the 
target surface is below freezing, 
wet, or underwater. The adhesive 
comes in tubes packed in 
water-resistant, cardboard slide 
boxes, with wooden applicators 
(Figure 1-19). 
voden applicators b. Use. Apply the adhesive 
to the target surface and the 
demolition block with a wooden 
applicator and press the two 


Figure 1-19. Supplementary adhesive together. 


Supplementary adhesive 


= 


1-25. Waterproof Sealing Compound. This sealant is for waterproofing connections between 
time blasting fuses or detonating cords and nonelectric blasting caps. The sealing compound will 
not make a permanent waterproof seal. Since this sealant is not permanent, fire underwater 
demolitions as soon as possible after placing them. 


1-26. M2 Cap Crimper. Use the M2 cap crimper [Figure 1-20) for squeezing the shell of a 
nonelectric blasting cap around a time blasting fuse, standard coupling base, or detonating cord. 
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Crimp the shell securely enough to keep the fuse, 
base, or cord from being pulled off, but not so 
tightly that it interferes with the operation of the 
initiating device. A stop on the handle helps to 
limit the amount of crimp applied. The M2 
crimper forms a water-resistant groove l 
completely around the blasting cap. Apply a | Screw-driver end 
sealing compound to the crimped end of the 
blasting cap to waterproof it. The rear portion of 
each jaw is shaped and sharpened for cutting 
fuses and detonating cords. One leg of the 
handle is pointed for punching cap wells in explosive materials. The other leg has a screwdriver 
end. Cap crimpers are made of a soft, nonsparking metal that conducts electricity. Do not use them 
as pliers because such use damages the crimping surface. Ensure crimp hole is round (not elongated) 
and the cutting jaws are not jagged. Keep the cutting jaws clean, and use them only for cutting fuses 
and detonating cords. 


1-27. M51 Blasting-Cap Test Set. 


a. Characteristics. The test set is a self-contained unit with a magneto-type impulse generator, 
an indicator lamp, a handle to activate the generator, and two binding posts for attaching firing leads. 
The test set is waterproof and capable of operation at temperatures as low as -40 degrees Fahrenheit 
(Figure 1-21). 


Crimping jaws 


Cutting jaws 


Figure 1-20. M2 cap crimper 


b. Use. Check the continuity of firing wire, 
blasting caps, and firing circuits by connecting 
the leads to the test-set binding posts and then 
depressing the handle sharply. If there is a 
continuous (intact) circuit, even one created by a 
short circuit, the indicator lamp will flash. When 
the circuit is open, the indicator lamp will not 
flash. 


Handle 


Binding post 


Indicator 

c. Maintenance. Handle the test set light 
carefully and keep it dry to assure optimum use. 
Before using, ensure the test set is operating 
properly by using the following procedure: Figure 1-21. M51 blasting-cap test set 


(1) Hold apiece of bare wire or the legs of the M2 crimpers between the binding posts. 


(2) Depress the handle sharply while observing the indicator lamp. The indicator lamp should 
flash. 


(3) Remove the bare wire or crimper legs from the binding posts. 


(4) Depress the handle sharply while observing the indicator lamp. This time the indicator 
lamp should not flash. 


(5) Perform both tests to ensure the test set is operating properly. 
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1-28. Blasting Machines. Blasting machines provide the electric impulse needed to initiate electric 
blasting-cap operations. When operated, the M32 and M34 models use an alternator and a capacitor 
to energize the circuit. 


a. M32 10-Cap Blasting Machine. This small, lightweight blasting machine (Figure 1-22) 
produces adequate current to initiate 10 electrical caps connected in series using 500 feet of WD-1 
cable. To operate the machine, use the following procedure: 


(1) Check the machine for proper operation. Release the blasting machine handle by rotating 
the retaining ring downward while pushing in on the handle. The handle will automatically spring 
outward from the body of the machine. 


(2) Activate the machine by depressing the handle rapidly three or four times until the neon 
indicator lamp flashes. The lamp is located between the wire terminal posts and cannot be seen 
until it flashes, since it is covered by green plastic. 


(3) Insert the firing wire leads into the 
terminals by pushing down on each terminal 
post and inserting the leads into the metal jaws. 


(4) Hold the machine upright (terminals 
up) in either hand, so the plunger end of the 
handle rests in the base of the palm and the 
fingers grasp the machine’s body. Be sure to 
hold the machine correctly, as the handles are 
easily broken. 


(5) Squeeze the handgrip sharply several 
times until the charge fires. Normally, no more 
than three or four strokes are required. 


b. M34 50-Cap Blasting Machine. This 
small, lightweight machine produces adequate 
current to initiate 50 electrical caps connected in 
a series. It looks like the M32 blasting machine 
(Figure 1-22) except for a black band around the 
base and a steel-reinforced actuating handle. 
Figure 1-22. M32 blasting machine Test and operate the M34 in the same manner as 
the M32. 


1-29. Firing Wire and Reels. 


a. Types of Firing Wire. Wire for firing electric charges is available in 200- and 500-foot coils. 
The two-conductor AWG Number 18 is a plastic-covered or rubber-covered wire available in 
500-foot rolls. This wire is wound on an RL39A reel unit. The single-conductor. AWG Number 
20 annunciator wire is available in 200-foot coils and is used to make connections between blasting 
caps and firing wire. The WD- 1/TT communication wire will also work, but it requires a greater 
power source if more than 500 feet are used (blasting machines will not initiate the full-rated number 
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of caps connected with more than 500 feet of WD-1/TT wire). As a rule of thumb, use 10 less caps 
than the machine e rating for each additional 1,000 feet of WD-1/TT wire employed. 


b. Reel. The RL39A reel, with spool, accommodates 500 feet of wire. The reel has a handle 
assembly, a crank, an axle, and two carrying straps (Figure 1-23). The fixed end of the wire extends 
from the spool through a hole in the side of the drum and fastens to two brass thumb-out terminals. 
The carrying handles are two U-shaped steel rods. A loop at each end encircles a bearing assembly 
to accommodate the axle. The crank is riveted to one end of the axle, and a cotter pin holds the axle 
in place on the opposite end. 


Figure 1-23. Firing-wire reel 


1-30. Firing Devices and Other Accessory Equipment 


a. M60 Weatherproof Fuze Igniter. This device is for igniting timed blasting fuse in all weather 
conditions, even underwater, if properly waterproofed. Insert the fuse through a rubber sealing 


grommet and into a split collet. This procedure secures the fuse when the end capon the igniter is 
tightened page 1-22). Pulling the pull ring releases the striker assembly, allowing the 
firing pin to initiate the primer, igniting the fuse. (page 2-4) gives detailed operating 
instructions for the M60 igniter. 


b. Demolition Equipment Set. This set (Electric and Nonelectric Explosive Initiating 
Demolition Equipment Set) is an assembly of tools necessary for performing demolition operations 


(Table 1-4, page 1-22). 
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Pull rod | Fuse holder cap 
on 2 Striker 


assembly Primer \ Shipping plug 


LS 
> > 


KÉ EE 


EE Smali washer Large washer 
Firing pin Grommet 
spring 


Safety pin Igniter Fuse holder cap 
S 


Time blasting fuse 


Figure 1-24. M60 fuze igniter 


Table 1-4. Demolition ec 
Nomenclature 


uipment set 


Wopen | 
Machine, Blasting, M34 | 
Pliers, Lineman's, w/ Side Cutter, 8-Inch | 


Dliaro Min ram m r tin BR Ina 
FCIS, Diagonal- Cuttir ng, O-HIGTI 


| 4 [Reel, Cable 


1 Machine, Cable-Reeling, Manual 


Set, Blasting-Cap Test, M51 | 


Shears, Metal-Cutting, Manual, 8-Inch 


Tape, Measuring, Steel, Millimeters and 
inches 


NOTE: The individual items listed in this set are 
available separately. 


Tape, Measuring, Plastic-Coated, 
100-Foot 
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Chapter 2 
Initiating Sets, Priming, 
and Firing Systems 


Section I. Initiating Sets 


WARNING 
Refer to the safety procedures in|Chapter 6 


before undertaking any demolitions mission. 
2-1. Nonelectric Initiation Sets. 


a. Components Assembly. A nonelectric system uses a nonelectric blasting cap as the initiator. 
The initiation set consists of a fuse igniter (produces flame that lights the time fuse), the time blasting 
fuse (transmits the flame that fires the blasting cap), and a nonelectric blasting cap (provides shock 
adequate to detonate the explosive) (Figure 2-1). When combined with detonating cord, a single 
initiation set can fire multiple charges. 


Satety pin Igniter Fuse holder cap 
M 


Nonelectric 
blasting cap 


Figure 2-1. Nonelectric initiation set 


b. Preparation Sequence. Preparing demolitions for nonelectric initiation follows a specified 
process. This process includes— 
e Step 1. Checking the time fuse. 
- Step 2. Preparing the time fuse. 
e Step 3. Attaching the fuse igniter. 
- Step 4. Installing the primer adapter. 
- Step 5. Placing the blasting cap. 
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(1) Checking Time Fuse. Test 
every coil of fuse, or remnant of a coil, 
using the burning-rate test prior to use. 
One test per day per coil is sufficient. 
Never use the first and last 6 inches of a 
coil because moisture may have 
Crimper penetrated the coil to this length. Using 
an M2 crimper, cut and discard a 6-inch 
length from the free end of the fuse 
(Figure 2-2). Cut off and use a 3-foot 
length of the fuse to check the burning 
rate. Ignite the fuse and note the time it 
takes for the fuse to burn. Compute the 
burning rate per foot by dividing the bum 
time in seconds by the length in feet. If 
the test bum does not fall within + 5 
- — seconds of a 40-second-per-foot burn 
Figure 2-2. Cutting time fuse rate, perform another test to verify your 
results. 


Fuse 


WARNING 
Test burn a 3-foot length of time blasting fuse 


to determine the exact rate prior to use. 


(2) Preparing Time Fuse. Cut the fuse long enough to allow the en detonating the charge 
to reach safety (walking at a normal pace) before the explosion. Walk and time this distance prior 
to cutting the fuse to length. The formula for determining the length of time fuse required is— 


Time Required (min) X 60 (sec/min) _ | 
Burning Rate (sec/ft) = use Length Un) (2-1) 


Make your cut squarely across the fuse. Do not cut the fuse too far in advance, since the fuse 
may absorb moisture into the open ends. Do not allow the time fuse to bend sharply, as you may 
crack the black powder core, resulting in a misfire. 


(3) Attaching Fuze Igniter. To attach an M60 weatherproof fuze igniter, unscrew the fuse 
holder cap two or three turns, but do not remove the cap. Press the shipping plug into the igniter to 
release the split collet page 1-22). Rotate and remove the plug from the igniter. Insert 
the free end of the time fuse as far as possible into the space left by the removed shipping plug. 
Sufficiently tighten the holder cap to hold the fuse and weatherproof the joint. 


(4) Installing Priming Adapter. If you use a priming adapter to hold a nonelectric blasting cap, 
place the time fuse through the adapter before installing (crimping) the blasting cap onto the fuse. 
Ensure the adapter threads are pointing to the end of the time fuse that will receive the blasting cap. 


(5) Preparing Blasting Caps. 
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(a) Inspection. Hold the cap between the thumb and ring finger of one hand, with the forefinger 
of the same hand on the closed end of the blasting cap. Inspect the blasting cap by looking into the 
open end. You should see a yellow-colored ignition charge. If dirt or any foreign matter is present, 
do the following: 


- Aim the open end of the cap at the palm of the second hand. 
* Gently bump the wrist of the cap-holding hand against the wrist of the other hand. 
- If the foreign matter does not dislodge, do not use the cap. 


Les and crimping. Use this procedure for installing blasting caps onto fuse. Using this 
procedure will allow accurate crimping, even in darkness, because finger placement guides the 
crimpers to the open end of the blasting cap. Use the following procedures to attach a nonelectric 
blasting cap onto time fuse: 


Hold the time blasting fuse vertically with the square-cut end up, and slip the blasting 
cap gently down over the fuse so the flash charge in the cap touches the fuse. 


WARNING 
If the charge in the cap is not in contact with the fuse, the fuse may not ignite the cap 
(misfire). Never force a time fuse into a blasting cap, 
for example, by twisting or any other method. If the fuse end is flat 
or too large to enter the blasting cap freely, roll the fuse between 


the thumb and fingers until it will freely enter the cap. A rough, jagged-cut fuse 
inserted in a blasting cap can cause a misfire. If the cutting jaws of the M2 crimper 
are unserviceable, use a sharp knife to cut the fuse. When using a knife to cut fuse 
squarely, cut the fuse against a solid, nonsparking surface such as wood. 


« While applying slight pressure with the forefinger on the closed end of the cap, grasp the 
fuse with the thumb and ring finger. 


Using the opposite hand, grasp the crimpers. Place the crimping jaws around the cap at 
a point 1/8 to % inch from the open end. The thumb and ring finger that hold the fuse 


will be below the crimpers. Rest the second finger of the hand holding the fuse on top 
of the crimpers to prevent the crimpers from sliding up the cap (Figure 2-3} page 2-4). 
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Blasting cap 
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Ae PP 


mi 


>. br, 


i i f 
AD E eP y f | 
ig it A 
| se je lh 
| (ti i y 
e 
Sa ka | NOTE: Protect the joint between the cap and the time blasting fuse 
Ta | with a coat of sealing compound or a similar substance if the 
| blasting cap is to remain in place several days before firing. This 
sealing compound does not make a waterproof seal; therefore, fire 
submerged charges immediately. 


Figure 2-3. Crimping a blasting cap onto fuse 
Extend both arms straight out while rotating the hands so that the closed end of the blasting 
cap is pointing away from the body and from other personnel. 
Crimp the blasting cap by firmly squeezing the M2 crimper handles together, maintaining 
eye contact with the blasting cap. Inspect the crimp after you have finished. Ensure that 
the fuse and cap are properly joined by gently trying to pull them apart 


NOTE: Attach the M60 fuze igniter to the time fuse before crimping a blasting cap to the opposite 
end. Do not remove the safety pin until you are ready to detonate the charge. 


WARNING 
Do not crimp too close to the explosive end of the blasting cap; 


doing this may cause the cap to detonate. 
Point the cap out and away from the body during crimping. 


NOTE: If the cap is to remain in place several days before firing, protect the joint between the cap 
and the timed blasting fuse with a coat of sealing compound or similar substance. This sealing 
compound will not make a waterproof seal; therefore, fire submerged charges immediately. 


NOTE: See paragraph 6-8 (page 6-8) for procedures on handling nonelectric misfires. 


c. Fuse Initiation. To fire the assembly, hold the M60 igniter in one hand and remove the 
safety pin with the other. Grasp the pull ring and give it a quick, hard pull. In the event of a misfire, 
reset the M60 by pushing the plunger all the way in, rotate it left and right, and attempt to fire as 
before. 


WARNING 
Water can enter through the vent hole in the pull rod 


when attempting to reset the igniter under water. 
This will prevent the fuse igniter from working after resetting. 
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NOTE: If a fuze igniter is not available, 
light the time blasting fuse with a match. 
Split the fuse at the end (Figure 2-4) and 
place the head of an unlit match in the 
powder train. Light the inserted match 
head with a flaming match, or rub the 
abrasive on the match box against it. It 
may be necessary to use two match heads 
during windy conditions. 


2-2. Electric Initiation Sets. 


a. Preparation Sequence. Use the 
process below to make an electric / / 
initiation set. This process includes— 


Testing and maintaining con- igure 2-4, Lighting time fuse with a match 


trol of the blasting machine. 

Testing the M51 blasting-cap test set. 

Testing the firing wire on the reel, shunted and unshunted. 
Laying out the firing wire completely off the reel. 
Retesting the firing wire, shunted and unshunted. 

Testing the blasting caps. 

Connecting the series circuit. 

Connecting the firing wire. 

Testing the entire circuit. 

Priming the charges. 

b. Components Assembly. An electric system uses an electric blasting cap as the explosion 
initiator. The initiation set consists of an electric blasting cap, the firing wire, and a blasting machine 
(Figure 2-5). An electric impulse (usually provided by a blasting machine) travels through the firing 
wires and blasting cap leads, detonating the blasting cap which initiates the explosion. Radio waves 
can also detonate electric blasting caps. Therefore, observe the minimum safe distances listed in 


(page 6-5) at all times. When combined with detonating cord, a single initiation set can 
fire multiple charges. TM 9-1375-213-34 provides detailed information about electric blasting 


equipment. 
= t 
; Firing wire B C 
| = fM blasting 
| | cap 
Electric blasting machine 


igure 2-5, Electric initiation set 


Electric 
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Always follow the procedure below when preparing an electric initiation set: 
(1) Testing and Maintaining Control of Blasting Machine. 
(a) Test the blasting machine to ensure it is operating properly (paragraph 1-28, page 1-20). 


(b) Control access to all blasting machines. The supervisor is responsible for controlling all 
blasting machines. 


(2) Testing M51 Blasting-Cap Test Set. 

(a) Check the M51 test set to ensure it is operating properly page 1-19). 
(b) Perform both the open- and short-circuit tests. 

(3) Testing Firing Wire on the Reel. 


(a) Separate the firing wire leads at both ends and connect the leads at one end to the posts of 
the MS 1 test set. Squeeze-tie test-set handle. The indicator lamp should NOT flash. If it does, the 
lamp’s flash indicates a short circuit in the firing wire (Figure 2-6). 


(b) Shunt the wires atone end and connect the leads from the other end to the posts of the M51 
test set. Squeeze the test-set handle. The indicator lamp should flash. If it does not, the lamp’s 
failure to light indicates a break in the firing wire (Figure 2-6). 


NOTE: Use at least three 180-degree turns to shunt wires. 
(c) Shunt both ends of the firing wire after testing. 


Uninsulated portions of wires 
are separated at both ends. 


<- Lamp does 

Si not flash. N Lamp flashes. 
UN 

A \ 


Satisfactory Defective 


Uninsulated portions of wires 
are twisted together at one end. 


x- Lamp flashes. (3 Lamp does 
| 793 not flash. 


UN Ink 


Satisfactory Defective 


Figure 2-6. Testing firing wire on the reel 
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(4) Laying Out Firing Wire. 


(a) After locating a firing position a safe distance away from the charges (paragraph 6-7, page 


6-6), lay out the firing wire between the charges and the firing position. More than one reel of wire 
may be necessary. 


(b) Do not allow vehicles to drive over or personnel to walk on firing wire. Always bury firing 
wire or lay it flat on the ground. 


(c) Keep the an as short as possible. Avoid creating any loops in the wire (lay itin as 
straight a line as possible). Cut the wire to length. Do not connect it to a blasting machine through 
the unused portion of wire on the reel. 


(5) Retesting Firing Wire. 


(a) Peform the open- and short-circuit tests again. The process of unreeling the wire may have 
separated broken wires not found when the wire was tested on the reel. 


(b) Continually guard the firing position from this point on. Do this to ensure that no one 
tampers with the wires or fires the charges prematurely. 


(c) Use hand signals to indicate the test results. Hand signals are necessary because of the 
distance involved between the charges and the firing position. The man testing the wire also can 
give these signals directly to the soldier at the opposite end of the wire or, if they cannot see each 
other, through intermediate positions or over the radio. The tester indicates to his assistant that he 
wants the far end of the firing wire unshunted by extending both arms straight out at shoulder height. 
After unshunting the firing wire, the assistant at the far end of the wire repeats the signal, indicating 
to the tester that his end is unshunted. When the tester wants the far end of the firing wire shunted, 
he signals to his assistant by clasping his hands together and extending his arms over his head, 
elbows bent, forming a diamond shape. After shunting the firing wire, the assistant repeats the 
signal, indicating to the tester that his wire is shunted. 


(d) Shunt both ends of the firing wire after the tests are complete. 
(6) Testing Electric Blasting Cap. 


(a) Remove the cap from its spool. Place the cap in the palm of your hand, lead wires passing 
between your thumb and index finger. 


(b) Wrap the wire around the palm of your hand twice. Doing this prevents tension on the 
wires in the cap and prevents the cap from being dropped. 


(c) Grasp the wire spool with your free hand and unreel the wire, letting the wire pass between 
your fingers as you turn the spool. Completely unreel the cap wires from the cardboard spool. Avoid 
allowing the wires to slip offends of the cardboard spool, since this will cause excessive twists and 
kinks in the wires and prevent the wires from separating properly. 


(d) Place the blasting cap under a sandbag or helmet while extending the wires to their full 
length. 


(e) Test blasting caps away from all other personnel. Keep your back to the blasting cap when 
testing it. 
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(f) Remove the short-circuit shunt from the lead wires. 


(g) Hold or attach one lead wire to one of the M51's binding posts. Hold or attach the second 
lead wire to the other binding post and squeeze the test-set handle. The blasting cap is good if the 
indicator lamp flashes. If the lamp does not flash, the cap is defective; do not use it. 


(h) Always keep the cap wires shunted when not testing them. 


(7) Connecting a Series Circuit. When two or more blasting caps are required for a demolition 
operation. you may use one of the series circuits illustrated in Figure 2-7. 


Leapfrog 
Series 
Circult 


Common 
Series 
Circuit 


Diagram 2 


Use the following procedure: 


(a) Test all blasting caps (paragraph 2-2b(6), page 2-7) separately before connecting them in 


a circuit. 


(b) Join blasting cap wires together using the Western Union pigtail splice (Figure 2-8). Protect 
all joints in the circuit with electrical insulation tape. Do not use the cardboard spool that comes 
with the blasting cap to insulate these connections. 


Diagram 1 Diagram 3 


Diagram 4 


Knot keeps 


tension off ED CES 


splice. 
Diagram 2 Diagram 5 


Figure 2-8. Western Union pigtail splice 
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(c) Test the entire circuit. After the series is completed, connect the two free blasting cap wires 
to the M51 test set. The indicator lamp should flash to indicate a good circuit. If the lamp does not 
flash, check your connections and blasting caps again. 


(d) After testing the cap circuit, shunt the two free blasting cap wires until you are ready to 
connect them to the firing wire. 


(8) Connecting the Firing Wire. 


(a) Connect the free leads of blasting caps to the firing wire before priming the charges or 
taping a blasting cap to a detonating-cord ring main. 


(b) Use a Western Union pigtail splice to connect the firing wire to the blasting cap wires. 


(c) Insulate the connections with tape. Never use the cardboard spool that comes with the 
blasting cap to insulate this connection. The firing wire is likely to break when bent to fit into the 
spool. 


(9) Testing the Entire Firing Circuit. Before priming the charges or connecting blasting caps 
to ring mains, test the circuit from the firing point. Use the following procedure: 


(a) Ensure the blasting caps are under protective sandbags while performing this test. 


(b) Connect the ends of the firing wire to the M51 test set. Squeeze the firing handle. The 
indicator lamp should flash, indicating a proper circuit. 


(c) Shunt the ends of the firing wire. 


WARNING 
Do not prime charges or connect electric blasting caps to detonating cord 


until all other steps of the preparation sequence have been completed. 


(10) Priming the Charges. Prime the charges and return to the firing point. This is the last 
step prior to actually returning to the firing point and firing the circuit. 


WARNING 
Prime charges when there is a minimum of personnel on site. 


c. Circuit Initiation. At this point the initiation set is complete. Do not connect the blasting 
machine until all personnel are accounted for and the charge is ready to fire. When all personnel 
are clear, install the blasting machine and initiate the demolition [Chapter 4 (page 6-9) covers 
procedures for electric misfires. 


d. Splicing Electric Wires. 


(1) Preparation. Strip the insulating material from the end of insulated wires before splicing. 
Remove approximately 1 % inches of insulation from the end of each wire diagram 1). 
Also remove any coating on the wire, such as enamel, by carefully scraping the wire with the back 
of a knife blade or other suitable tool. Do not nick, cut, or weaken the bare wire. Twist 
multiple-strand wires lightly after scraping. 
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(2) Method. Use the Western Union pigtail splice page 2-8) to splice two wires. 
Splice two pairs of wires in the same way as the two-wire splice (Figure 2-9). Use the following 


procedure: 


(a) Protect the splices from tension damage by tying the ends in an overhand or square knot 
(tension knot), allowing sufficient length for each splice (Figure 2-8, diagram 2, page 2-8). 


(b) Make three wraps with each wire diagram 3, page 2-8). 


(c) Twist the ends together with three turns diagram 4, page 2-8). 


(d) Flatten the splice, but not so far that the wire crimps itself and breaks (Figure 2-§, diagram 
5, page 2-8). 


(3) Precautions. A short circuit may occur at a splice if you do not practice some caution. For 
example, when you splice pairs of wires, stagger the splices and place a tie between them (Figure 
2-9, diagram 1). Another method of preventing a short circuit in a splice is using the alternate 
method (Figure 2-9, diagram 2). In the alternate method, separate the splices rather than stagger 
them. Insulate the splices from the ground or other conductors by wrapping them with friction tape 
or other electric insulating tape. Always insulate splices. 


Cap wire Outside 
insulation 


Diagram 1 


Firing wire 


Diagram 2 


Figure 2-9. Two-wire splice 
e. Series Circuits. 


(1) Common. Use this circuit to connect two or more electric blasting caps to a single blasting 
machine diagram 1, page 2-8). Prepare a common series circuit by connecting one 
blasting cap to another until only two end wires are free. Shunt the two end wires until you are 
ready to proceed with the next step. Connect the free ends of the cap lead wires to the ends of the 
firing wire. Use connecting wires (usually annunciator wire) when the distance between blasting 
caps is greater than the length of the usual cap lead wires. 
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(2) Leapfrog. The leapfrog method of connecting caps in a series is useful for firing any long 
line of charges diagram 2, page 2-8). This method is performed by starting at one end 


of a row of charges and priming alternate charges to the opposite end and then priming the remaining 
charges on the return leg of the series. This method eliminates the necessity for a long return lead 
from the far end of the line of charges.[Appendix Elhas additional information on series circuits. 
There is seldom a need for this type of circuit, since detonating cord, when combined with a single 
blasting cap, will fire multiple charges. 


Section II. Priming Systems 


2-3. Methods. The three methods of priming charges are nonelectric, electric, and detonating-cord. 
Nonelectric and electric priming involves directly inserting blasting caps into the charges. Use the 
direct-insertion method only when employing shaped charges. Detonating-cord priming is the 
prefered method for priming all other charges since it involves fewer blasting caps, makes priming 
and misfire investigation safer, and allows charges to be primed at State of Readiness 1 (safe) when 
in place on a reserved demolition. 


NOTE: You can crimp nonelectric blasting caps to detonating cord as well as time fuse. This 
capability permits simultaneous firing of multiple charges primed with a blasting cap. 


2-4. Priming TNT Demolition Blocks. 


a. Nonelectric. TNT blocks have threaded cap wells. Use priming adapters, if available, to 
secure nonelectric blasting caps and timed blasting fuses to TNT blocks with threaded cap wells 
(Figure 2-10). When priming adapters are not available, prime TNT blocks with threaded cap wells 
as follows: 


(1) Wrap a string tightly around the block | Tr ma Da 
of TNT and tie it securely, leaving N | 
approximately 6 inches of loose string on each R — SS 
end (Figure 2-11). \ 


(2) Insert a blasting cap with the fuse 
attached into the cap well. 


Priming adapter 


Nonelectric blasting cap 


(3) Tie the loose ends of the string around 
the fuse to prevent the blasting cap from being 


separated from the block. Adhesive tape can Figure 2-10. Nonelectric priming with adapter 
also effectively secure blasting caps in charges. 


| N, paw E 
Time fuse = P "al Demolition | 
| 


A; 71 block | 


Blasting cap d A 


NOTE: Do not tie string so tightly that the powder train is br i 

1 E oken in 
the fuse. Electrical or friction tape may be substituted for string if 
necessary. 


Figure 2-11. Nonelectric priming without adapter 
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b. Electric. 


(1) With Priming Adapter. Use the following procedure for priming TNT block, using the 
priming adapter: 


(a) Prepare the electric initiation set before priming. 


(b) Pass the lead wires through the slot of the adapter, and pull the cap into place in the adapter 
ure 2-12). Ensure the blasting cap protrudes from the threaded end of the adapter. 


Electric blasting cap | 
ES, Priming adapter 


Figure 2-12. Electric priming with adapter 


(Fi 


(c) Insert the blasting cap into the threaded cap well of the TNT block and screw the adapter 
into place. 


(2) Without Priming Adapter. If a priming adapter is not available, use the following 
procedure: 


(a) Prepare the electric initiation set before priming. 


(b) Insert the electric blasting cap into the cap well. Tie the lead wires around the block, using 
two half hitches or a girth hitch (Figure 2- 13). Allow some slack in the wires between the blasting 
cap and the tie to prevent any tension on the blasting-cap lead wires. 


Electric blasting cap 


SCH Two half hitches 
or girth hitch 


Figure 2-13. Electric priming without adapter 
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c. Detonating Cord. Use the following methods to prime TNT blocks with detonating cord: 


NOTE: A 6-inch length of detonating cord equals the power output of a blasting cap. However, 
detonating cord will not detonate explosives as reliably as a blasting cap because its power is not 
as concentrated. Therefore, always use several turns or a knot of detonating cord for priming 
charges. 


(1) Method 1 (Figure 2-14). Lay one end (l-foot length) of detonating cord at an angle across 
the explosive. Then, wrap the running end around the block three turns, laying the wraps over the 
standing end. On the fourth wrap, slip the running end under all wraps, parallel to the standing end 
and draw the wraps tight. Doing this forms a clove hitch with two extra turns. 


(2) Method 2 (Figure 2-14). Tie the detonating cord around the explosive block with a clove 
hitch and two extra turns. Fit the cord snugly against the block, and push the loops close together. 


(3) Method 3 (Figure 2-14). Place a loop of detonating cordon the explosive, leaving sufficient 
length on the end to make four turns around the block and loop with the remaining end of the 
detonating cord. When starting the first wrap, ensure that you immediately cross over the standing 
end of the loop, working your way to the closed end of the loop. Pass the free end of the detonating 
cord through the loop and pull it tight. This forms a knot around the outside of the block. 


Method 1 


Method 3 


Method 2 


Figure 2-14. Priming TNT with detonating cord 
2-5. Priming M112 (C4) Demolition Blocks. 


a. Nonelectric and Electric. C4 blocks do not have a cap well; therefore, you will have to make 
one. Use the following procedure: 


(1) With the M2 crimpers or other nonsparking tool, make a hole in the end or on the side (at 
the midpoint) large enough to hold the blasting cap. 


(2) Insert the blasting cap into the hole or cut. If the blasting cap does not fit the hole or cut, 
do not force the cap, make the hole larger. 
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(3) Anchor the blasting cap in the block by gently squeezing the lastic explosive around the 
blasting cap. 


b. Detonating Cord. To prime plastic explosive with detonating cord, use the following 
procedure: 


(1) Form either a Uli knot, double overhand knot, or triple roll hot as shown in Figure 2-15. 


UU Knot 


8 wraps | Swaps 


<A 


— 1 Cut close. 


Double Overhand Knot 


Minimum 6" tail 


Triple Roll Knot Uli or double overhand knot 


Tape 
p 


Figure 2-15. Priming plastic explosives with detonating cord 
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(2) Cut a notch out of the explosive, large enough to insert the knot you formed. 


(3) Place the knot in the cut. 


(4) Use the explosive you removed from the notch to cover the knot. Ensure there is at least 
% inch of explosive on all sides of the knot. 


(5) Strengthen the primed area by wrapping it with tape. 


NOTE: It is not recommended that plastic explosives be primed by wrapping them with detonating 
cord, since insufficient wraps will not properly detonate the explosive charge. 


2-6. Priming M118 and M186 Demolition Charges. 


a. Nonelectric and Electric. Use one of the following methods to prime M118 and M186 
demolition charges: 


(1) Method 1 (Figure 2-16, page 2- 16). Attach an M8 blasting cap holder to the end or side 


of the sheet explosive. Insert an electric or a nonelectric blasting cap into the holder until the end 
of the cap presses against the sheet explosive. The M8 blasting cap holder has three slanted, 
protruding teeth which prevent the clip from withdrawing from the explosive. Two dimpled spring 
arms firmly hold the blasting cap in the M8 holder. 


(2) Method 2 (Figure 2-16, page 2-16). Cut a notch in the sheet explosive (approximately 


1% inches long and % inch wide). Insert the blasting cap to the limit of the notch. Secure the 
blasting cap with a strip of sheet explosive. 


(3) Method 3 (Figure 2-16, page 2-16). Place 1% inches of the blasting capon top of the sheet 
explosive and secure it with a strip of sheet explosive (at least 3 by 3 inches). 


(4) Method 4 page 2- 16). Insert the end of the blasting cap 1% inches between 
two sheets of explosive. 


b. Detonating Cord. Sheet explosives also can be primed with detonating cord using a Uli 
knot, double overhand knot, or triple roll knot. Insert the knot between two sheets of explosive or 
place the knot on top of the sheet explosive and secure it with a small strip of sheet explosive. The 
knot must be covered on all sides with at least % inch of explosive. 
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Blasting ca 
holder Us p 


Electric or 
nonelectric 
Method 1 blasting cap 


Method 3 


Method 2 Method 4 


Figure 2-16. Priming sheet explosives 


2-7. Priming Dynamite. Prime dynamite at either end or side. Choose the method that will prevent 
damage to the primer during placement. 


a. Nonelectric. There are three methods for priming dynamite nonelectrically: 
(1) End-Priming Method [Figure 2-17). 

(a) Using the M2 crimpers, make a cap well in the end of the dynamite cartridge. 
(b) Insert a fused blasting cap into the cap well. 

(c) Tie the cap and fuse securely in the cartridge with a string. 
(2) Weatherproof, End-Priming Method (Figure 2-17). 

(a) Unfold the wrapping at the folded end of the dynamite cartridge. 
(b) Using the M2 crimpers, make a cap well in the exposed dynamite. 
(c) Insert a fused blasting cap into the cap well. 

(d) Close the wrapping around the fuse and fasten the wrapping securely with a string or tape. 
(e) Apply a weatherproof sealing compound to the tie. 
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End-Priming Method 


Weatherproof, End-Priming Method 


© 


Figure 2-17. Nonelectric end priming of dynamite 


(3) Side-Priming Method page 2-18). 


(a) Using the M2 crimpers, make a cap well (approximately 112 inches long) into the side of 
the cartridge at one end. Slightly slant the cap well so the blasting cap, when inserted, will be nearly 
parallel to the side of the cartridge and the explosive end of the cap will be at a point nearest the 
middle of the cartridge. 


(b) Insert a fused blasting cap into the cap well. 


(c) Tie a string securely around the fuse. Then, wrap the string tightly around the cartridge, 
making two or three turns before tying it. 


(d) Weatherproof the primed cartridge by wrapping a string closely around the cartrdge, 
extending it an inch or so on each side of the hole to cover it completely. Cover the string with a 
weatherproof sealing compound. 
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Weatherproofing 


Figure 2-18. Nonelectric side priming of dynamite 


b. Electric. Use the following method for priming with electric blasting caps: 


(1) End-Priming Method (Figure 2-19). 

a) Using the M2 crimpers, make a cap well in the end of the cartridge. 
b) 
) 


c) Tie the lead wires around the cartridge with two half hitches, a string, or tape. 


2) Side-Riming Method (Figure 2-19). 


(a) Using the M2 crimpers, make a cap well (approximately 1% inches long) into the side of 
the cartridge at one end. Slightly slant the cap well so the blasting cap, when inserted, will be nearly 
parallel to the side of the cartridge and the explosive end of the cap will be at a point nearest the 
middle of the cartridge. 


Using the M2 crimpers, insert an electric blasting cap into the cap well. 


( 
( 
( 
( 


(b) Using the M2 crimpers, insert an electric blasting cap into the cap well. 
(c) Tie the lead wire around the cartridge with two half hitches, a string, or tape. 


c. Detonating Cord. You also can use detonating cord to prime dynamite. Using the M2 
crimpers, start approximately 1 inch from either end of the dynamite charge and punch four equally 
spaced holes through the dynamite cartridge (Figure 2-20). Make sure to rotate the cartridge 180 
degrees after punching each hole to keep the holes parallel. Lace detonating cord through the holes 
in the same direction the holes were punched. Take care not to pull the loops of the detonating cord 
too tightly or the dynamite will break. Secure the detonating cord tail by passing it between the 
detonating cord lace and the dynamite charge. 
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End-Priming Method 


Dynamite 


Electric 

blasting 

cap Two half hitches 
or girth hitch 

(c) 


Side-Priming Method 


a -- 


n d Dynamite END 


Electric 
blasting cap 


Electric or S 
nonelectric initiator 


Figure 2-20. Priming dynamite with detonating cord 


2-8. Priming 40-Pound, Ammonium-Nitrate Cratering Charges. Because the cratering charge 


is primarily an underground charge, prime it only with detonating cord. Use dual priming to protect 
against misfires (Figure 2-21, diagram 2, page 2-20). Use the following procedure: 


2-19 


FM 5-250 


a. Tie an overhand knot, with a 6-inch overhang, at one end of the length of detonating cord. 


b. Pass the opposite end of the detonating cord up through the detonating cord tunnel (Figure 
2-21, diagram 1) of the cratering charge. 


THRONE WARNING Set P : 
Ammonium nitrate is hydroscopic. When wet, ammonium nitrate is ineffective. 


Therefore, inspect the metal container for damage or rust. Do not use 
damaged or rusty charges. 


c. When dual priming a single 40-pound cratering charge, use a minimum of one pound of explosive. 

Prime a block of TNT or package of C4 with detonating cord page 2-13, and[2-5b} 
page 2-14, respectively) and tape this charge to the center of the cratering charge (Figure 2-21, 
diagram 2). The detonating cord branch lines must be long enough to reach the detonating-cord 
ring mains after the cratering charge is in the ground. Twelve-foot branch lines should be adequate. 

When placing two cratering charges in the same borehole, prime only the detonating cord tunnels 
of each charge. In this manner, the borehole is dual-primed and extra explosives are not required, 
as shown in Figure 2-21, diagram 3. 


Diagram 1 Diagram 2 Diagram 3 


\ Detonating cord 
branch lines leading 


Detonating cord to line/ring main 
branch line leading 
to line/ring main 


C4 or TNT 

block primed 

with det cord 

(placed on 

opposite side 

of det cord) Double 


overhand knot 


NOTE: Placing the C4 block directly opposite the detonating cord well 
prevents the lines from corssing. However, the charge may be placed 
anywhere along the center. 


Figure 2-21, Priming ammonium-nitrate cratering charge 


2-9. Priming M2A4 and M3A1 Shaped Charges. The M2A4 and M3A1 are primed only with 
electric or nonelectric blasting caps. These charges have a threaded cap well at the top of the cone. 
Prime them with a blasting cap as shown in Figure 2-22 Use a piece of string, cloth, or tape to hold 
the cap if a priming adapter is not available. Simultaneously detonate multiple shaped charges to 
create a line of boreholes for cratering charges by connecting each charge into a detonating-cord 
ring or line main. Use the following procedure for priming shaped charges: 
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WARNING 
Do not dual prime shaped charges. Prime them only with 


a blasting cap in the blasting cap well. 


a. Crimp a nonelectric blasting cap to a branch line. 
b. Connect the branch line to the ring main. 
c. Insert the blasting cap into the blasting cap well of the shaped charge. 


d. When detonating multiple shaped charges, make all branch-line connections before priming 
any shaped charges. 


With Priming Adapter 
¿AR 
Priming WW pm 
adapter Ny "i | 
: | M3 shaped 

—— ER a | = charge 
Time fuse Nonelectric 
or oe blasting cap 
cor 


Eu 7 


eet 
Priming Electric PEU 


adapter blasting 
cap 


Without Priming Adapter 


Friction tape 

or string — {à A 

= e E | Friction 
SE: tape or 


Time fuse Nonelectric string 
or detonating blasting cap 
cord 


Figure 2-22. Priming shaped charges 
2-10. Priming the Bangalore Torpedo. 


a. Nonelectric. Insert the blasting cap of a nonelectric initiation set directly into the cap well 
of a torpedo section. If a priming adapter is not available, use tape or string to hold the blasting cap 
in place [Figure 2-23, diagram 1, page 2-22). 
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Diagram 1 


HT re torpedo 


m. "ch = K 
Priming 
Nonelectric blasting cap 


adapter 


\ Bangalore torpedo 


Electric 
blasting cap 


Figure 2-23. Priming a Bangalore torpedo with a blasting cap 


b. Electric. Insert the blasting cap of an electric initiation set into the cap well of a torpedo 
section. If a priming adapter is not available, hold the cap in place by taping or tying (with two half 
hitches) the lead wires to the end of the torpedo. Allow some slack in the wires between the blasting 
cap and the tie to prevent tension on the blasting cap leads. 


c. Detonating Cord. Prime the torpedo by wrapping detonating cord eight times around the 
end of the section, just below the bevel (Figure 2-24). After pulling the knot tight, insert the short 
end of the detonating cord into the cap well and secure it with tape. Never use the short end (tail) 
of the detonating cord to initiate the torpedo. Initiation must come from the running end of the 
detonating cord. 


Into cap well. e 


Use 8 wraps. 


Running end Sy 


Figure 2-24. Priming a Bangalore torpedo with detonating cord 


WARNING 
Do not use more than or less than eight wraps to prime the Bangalore torpedo. 
Too many wraps will extend the detonating cord past the booster charge housing, 
possibly causing the torpedo to be cut without detonating. Too few wraps 
may cause the torpedo to only be crimped, without detonating. 
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Section III. Firing Systems 


2-11. Types of Firing Systems. There are two types of firing systems: single and dual. | Chapter] 
[5| covers the tactical applications for these systems. 


a. Single. Figure 2-25 shows a mE 
single-firing system Each charge is singly Ling Main Bang en 
primed with a branch line. The branch line Charges 
is tied to the line main or ring main. (Tying 
to the ring main is preferred but construction 
of a ring main may not be possible because 
of the amount of detonating cord. The ring 
main decreases the chances of a missfire 
should a break or cut occur anywhere within Initiation point 
the ring main.) The electric, nonelectric, or a ie 
combination initiation systems are then 
taped onto the firing system. When using a 
combination initiation system, the electric | NOTE: Can also 
initiation system is always the primary [be electric-initiated. 
means of initiation. When using dual, - - - 
nonelectric initiation systems, the shorter , Figure 2-25. Single-firing system 
time fuse is the primary initiation system (single-initiated, single-fired, single-primed) 
(Figure 2-26). 


Line Main Ring Main Ring Main 


Branch lines 


Charges 


Branch lines Branch lines Branch lines 


Initiation points 


_ HP 1 
Initiation points 


Nonelectric-Initiated Combination-Initiated ElectricAnitiated 
igure 2-26. Single-firing system (dual-initiated, singled-fired, single-primed 


two branch lines (Figure 2-28, page 2-24). One branch line is tied to one firing system, and the 
other branch line is tied to an independent firing system. Line mains or ring mains may be used; 
however, they should not be mixed. To help prevent misfires, use detonating-cord crossovers. 
Crossovers are used to tie both firing systems together at the ends. The initiation systems are taped 
in—the primary initiation system goes to one firing system, the secondary goes to the other. 
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Lines Mains Ring Mains 


Crossovers Charges Branch lines Branch lines Charges | Grossovers 


ER Initiation 
Initiation systems Systems 


DEE Seconda 
Secondary 7 NOTE: Electric is always + 


a primary-initiation system. 


Primary 


Combination-Initiated Nonelectric-Initiated 


Figure 2-27. Dual-firing system (dual-installed, dual-fired, dual-primed) 


fg Firing systems 


Eis 


Branch lines 


Figure 2-28. Dual-primed charge 


Figure 2-29 shows a dual-firing system using horizontal and vertical ring mains. The 
complexity of a target or obstacle may necessitate using multiple line mains or ring mains for 
simultaneous detonation. These will be referred to as horizontal and vertical lines or ring mains. 


Vertical ring main Horizontal ring main Detonating-cord 


above deck (detonating cord) 
no IS ET 
Ny L 
Charges 


m D pez 
po- Pa 


Charges (on deck) 2 L | Ka 
[L — Ib gi 
>> 
. A Ac 
` en = 
Horizontal ring main 
Initiation no A (detonating cord) 


Vertical ring main 


Ratanctinga ante crasenver halaw darle 
Deionaiing-Cora LIVE) WORNI JOUR 


(detonating cord) 


Figure 2-29. Dual-firing system (using a bridge as a possible target) 
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2-12. Detonating Cord. A firing system uses detonating cord to transmit a shock wave from the 
initiation set to the explosive charge. Detonating cord is versatile and easy to install. It is useful 
for underwater, underground, and above-ground blasting because the blasting cap of the initiation 
set may remain above water or above ground and does not have to be inserted directly into the 
charge. Detonating-cord firing systems combined with detonating-cord priming are the safest and 
most efficient ways to conduct military demolition missions. Initiate detonating cord only with 
nonelectric or electric initiation sets. 


2-13. Attaching the Blasting Cap. Attach the blasting cap, electric or nonelectric, to the detonating 
cord with tape. You can use string, cloth, or fine wire if tape is not available. Tape the cap securely 
to a point 6 inches from the end of the detonating cord to overcome moisture contamination. The 
tape must not conceal either end of the cap. Taping in this way allows you to inspect the cap in 
case it misfires. No more than 1/8 inch of the cap needs to be left exposed for inspection (Figure 
2-30). 


Line main 


(detonating cord) 


Leave 14 inch exposed 
at both ends of cap. 


To charges | 


-«— Tape 


Leave 8 inches from end 
of detonating cord to cap. 


Time fuse 


“5 m60 fuze igniter 


Figure 2-30, Attaching blasting cap to detonating cord 


2-14. Detonating-Cord Connections. Use square knots or detonating-cord clips to splice the ends 
of detonating cord (Figure 2-31). Square knots may be placed in water or in the ground, but the 


cord must be detonated from a dry end or above ground. Allow 6-inch tails on square knots to 
prevent misfires from moisture contamination.|Paragraph 1-21} (page 1-17) describes the process 
for connecting detonating cord with detonating-cord clips. 


Figure 2-31. Square-knot connections 
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a. Branch Line. A branch line is nothing more than a length of detonating cord. Attach branch 
lines to a detonating-cord ring or line main to fire multiple charges. Combining the branch line with 
an initiation set allows you to fire a single branch line. If possible, branch lines should not be longer 
than 12 feet from the charge to the ring or line main. A longer branch line is too susceptible to 
damage that may isolate the charge. Fasten a branch line to a main line with a detonating-cord clip 
gue a page 1-17) or a girth hitch with an extra turn (Figure 2-32). The connections of branch 
lines and ring or line mains should intersect at right (90-degree) angles. If these connections are not 
at right angles, the branch line may be blown off the line main without complete detonation. To 
prevent moisture contamination and ensure positive detonation, leave at least 6 inches of the running 
end of the branch line beyond the tie. It does not matter which side of the knot your 6-inch overhang 
is on at the connection of the ring or line main. 


Line main 


Branch line 


Figure 2-32. Girth hitch with an extra turn 


b. Ring Main. Ring mains are preferred over line mains because the detonating wave 
approaches the branch lines from two directions. The charges will detonate even when them is a 
break in the ring main. A ring main will detonate an almost unlimited number of charges. 
Branch-line connections at the ring main should be at right angles. Kinks in the lines should not be 
sharp. You can connect any number of branch lines to the ring main; however, never connect a 
branch line (at the point) where the ring main is spliced. When making branch-line connections, 
avoid crossing lines. If a line crossing is necessary, provide at least 1 foot of clearance between the 
detonating cords. Otherwise, the cords will cut each other and destroy the firing system. 


(1) Method 1. Make a ring main by bringing the line main back in the form of a loop and 
attaching it to itself with a girth hitch with an extra turn [Figure 2-33) diagram 1). 


(2) Method 2. Make a ring main by making a U-shape with the detonating cord, and then 
attaching a detonating-cord crossover at the open end of the U. Use girth hitches with extra turns 
when attaching the crossover diagram 2). An advantage of the U-shaped ring main 
is that it provides two points of attachment for initiation sets. 
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Diagram 1 Diagram 2 


Figure 2-33. Ring mains 


c. Line Main. A line main will fire Line main 
multiple charges (Figure 2-34), but if a Branch lines 
break in the line occurs, the detonating 
wave will stop at the break. When the 
risk of having a line main cut is 
unacceptable, use a ring main. Use line 
mains only when speed is essential and a 
risk of failure is acceptable. You can 
connect any number of branch lines to a 
line main. However, connect only one 


b hl 1 Girth hitch with 
ranch line at any one point unless you an extra turn 

use a junction box (Figure 2-35) page 

2-28). 

2-15. Initiating Lines and Mains. Figure 2-34. Line main with branch lines 


a. Line Main and Branch Line. Whenever possible, dual initiate a line main or a branch line 
page 2-28). Place the blasting cap that will detonate first closest to the end of the 
detonating cord (for example, the electric cap of a combination of initiation sets). Doing this will 
ensure the integrity of the backup system when the first cap detonates and fails to initiate the line 
main. Do not try to get both caps to detonate at the same time. This is virtually impossible to do 
with time fuse. Stagger the detonations a minimum of 10 seconds. 


b. Ring Main. Initiate ring mains as shown in Figures 2-33. The blasting caps are still connected 
as shown in Figure 2-36 (page 2-28), but by having one on each side of the ring main, the chances 
of both caps becoming isolated from the ring are greatly reduced. 
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Figure 2-35. Junction box 
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Figure 2-36. Attaching blasting caps to a line main 


WARNING 


When using time or safety fuse, uncoil it and lay it out in a straight line. 


Place the time fuse so that the fuse will not curl up and prematurely 
detonate the blasting cap crimped to it. 
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Chapter 3 


Calculation and Placement of Charges 


Section I. Demolition 


3-1. Principles. The amount and placement of explosives are key factors in military demolition 
projects. Formulas are available to help the engineer calculate the required amount of explosives. 
Demolition principles and critical-factor analysis also guide the soldier in working with explosive 
charges. The available formulas for demolition calculations are based on the follwing factors: 


a. Effects of Detonation. When an explosive detonates, it violently changes into highly 
compressed gas. The explosive type, density, confinement, and dimensions determine the rate at 
which the charge changes to a gaseous state. The resulting pressure then forms a compressive shock 
wave that shatters and displaces objects in its path. A high-explosive charge detonated in direct 
contact with a solid object produces three detectable destructive affects: 


(1) Deformation. The charge’s shock wave deforms the surface of the object directly under 
the charge. When the charge is placed on a concrete surface, it causes a compressive shock wave 
that crumbles the concrete in the immediate vicinity of the charge, forming a crater. When placed 
on a steel surface, the charge causes an indentation or depression about the size of the contact area 
of the charge. 


(2) Spall. The charge’s shock wave chips away at the surface of the object directly under the 
charge. This action is known as spalling. If the charge is large enough, it will span the opposite 
side of the object. Because of the difference in density between the target and the air, the charge’s 
compressive shock wave reflects as a tensile shock wave from the free surface, if the target has a 
free surface on the side opposite the charge. This action causes spalling of the target-free surface. 
The crater and spans may meet to forma hole through the wall in concrete demolitions. On a steel 
plate, the charge may create one span in the shape of the explosive charge, throwing the spall from 
the plate. 


(3) Radial Cracks. If the charge is large enough, the expanding gases can create a pressure 
load on the object that will cause cracking and therefore displace the material. This effect is known 
as radial cracking. When placed on concrete walls, the charge may crack the surface into a large 
number of chunks and project them away from the center of the explosion. When placed on steel 
plates, the charge may bend the steel away from the center of the explosion. 


b. Significance of Charge Dimensions. The force of an explosion depends on the quantity and 
power of the explosive. The destructive effect depends on the direction in which the explosive force 
is directed. To transmit the greatest shock, the charge must have the optimal relationship of contact 
area and thickness to target volume and density. If you spread a calculated charge too thinly, you 
will not have provided enough space for the shock wave to reach full velocity before striking the 
target. In improperly configured explosives (too thin or wrong strength), the shock wave tends to 
travel in a parallel rather than a perpendicular direction to the surface. As a result, the volume of 
the target will be too much for the resulting shockwave. Additionally, a thick charge with too small 
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a contact area will transmit a shock wave over too small a target area, with much lateral loss of 
energy. 


c. Significance of Charge Placement. The destructive effect of an explosive charge also 
depends on the location of the charge in relation to the target size, shape, and configuration. For 
the most destructive effect, detonate an explosive of the proper size and shape for the size, shape, 
and configuration of the target. Any significant air or water gap between the target and explosive 
will lessen the force of the shock wave. Cut explosives (such as sheet or plastic explosives) to fit 
odd-shaped targets. Whenever possible, place explosive charges to act through the smallest part of 
the target. Use internal charges to achieve maximum destruction with minimum explosives expense. 
Tamping external charges increases their destructive effect. 


3-2. Types of Charges. 


a. Internal Charges. Place internal charges in boreholes in the target. Confine the charges 
with tightly packed sand, wet clay, or other material (stemming). Stemming is the process of packing 
material on top of an internal borehole or crater charge. Fill and tamp stemming material against 
the explosive to fill the borehole to the surface. In drill holes, tamp the explosive as it is loaded into 
the hole. Tamp stemming material only with nonsparking equipment. 


b. External Charges. Place external charges on the surface of the target. Cover and tamp the 
charges with tightly packed sand, clay, or other dense material. Stemming material may be loose 
or in sandbags. To be most effective, make the thickness of the tamping material at least equal to 
the breaching radius. Tamp small breaching charges on horizontal surfaces with several inches of 
wet clay or mud. 


3-3. Charge Calculations. Determine the amount of explosives required for any demolition 
project by calculation, based on the following critical factors: 


a. Type and Strength of Materials in Targets. A target may be timber, steel, or other material. 
Concrete may be reinforced with steel, thereby increasing the concrete’s strength. 


b. Size, Shape, and Configuration of Target. These characteristics all influence the required 
type and amount of explosives. For example, large or odd-shaped targets, such as concrete piers 
and steel beams, are more economically demolished with multiple charges than with a single charge. 


c. Desired Demolition Effect. Consider the extent of the demolition project and the other 
desired effects, such as the direction trees will fall when constructing an abatis. 


d. Type of Explosive. The characteristics of each type of explosive determine its application 
for demolition purposes.[Tables 1-1] and|1-2| (pages 1-2 and 1-5) list these characteristics. 


e. Size and Placement of Charge. When using external charges without considering placement 
techniques, use a flat, square charge with a thickness-to-width ratio of 1:3. In general, charges of 
less than 5 pounds should be at least 1 inch thick. Charges from 5 to 40 pounds should be 2 inches 
thick. Charges of 40 pounds or more should be 4 inches thick. Fasten charges to the target using 
wire, adhesive compound, tape, or string. Prop charges against targets with wooden or metal frames 
made of scrap or other available materials or place the charges in boreholes. 


f. Method of Tamping. If you do not completely seal or confine the charge or if you do not 
ensure the material surrounding the explosive is balanced on all sides, the explosive's force will 


3-2 


FM 5-250 


escape through the weakest spot. To keep as much explosive force as possible on the target, pack 
material around the charge to fill any empty space. This material is called tamping material and 
the process is called tamping. Sandbags and earth are examples of common tamping materials. 
Always tamp charges with a nonsparking instrument. 


g. Direction of Initiation. The direction in which the shockwave travels through the explosive 
charge will affect the rate of energy transmitted to the target. If the shock wave travels parallel to 
the surface of the target (Figure 3-1, diagram 1), the shock wave will transmit less energy over a 
period of time than if the direction of detonation is perpendicular to the target (Figure 3-1, diagram 
2). For best results, initiate the charge in the center of the face opposite the face in contact with the 


target. 
Shock wave 
p Charge 


Diagram 1 


Shock wave 


Diagram 2 
Figure 3-1. Direction of initiation 


3-4. Charge Selection and Calculation. 


a. Selection. Explosive selection for successful demolition operations is a balance between 
the critical factors listed above and the practical aspects: target type; the amount and types of 
explosives, materials (such as sandbags), equipment, and personnel available; and the amount of 
time available to accomplish the mission. 


b. Calculation. Use the following procedure to determine the weight (P) of the explosive 
required for a demolition task, in pounds of TNT. If you use an explosive other than TNT, adjust 
P accordingly by dividing P for TNT by the relative effectiveness (RE) factor of the explosive you 
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plan to use (Table 1-1] page 1-2). Use the following six-step, problem-solving format for all charge 


calculations: 
(1) Determine the critical dimensions of the target. 


(2) Calculate the weight of a single charge of TNT to two decimal places by using the 
appropriate demolition formula (do not round). If your calculations are for TNT, skip to Step 4. 


(3) Divide the quantity of explosive by the RE factor (carry the calculations to two decimal 
places, and do not round). If you are using TNT, skip this step. 


(4) Determine the number of packages of explosive for a single charge by dividing the 
individual charge weight by the standard package weight of the chosen explosive. Round this result 
to the next-higher, whole package. Use volumes instead of weights for special purpose charges 
(ribbon, diamond, saddle, and similar charges). 


(5) Determine the number of charges for the target. 


(6) Determine the total quantity of explosives required to destroy the target by multiplying the 
number of charges (Step 5) by the number of packages required per charge (Step 4). 


Section II. Normal Cutting Charges 


3-5. Timber-Cutting Charges. Plastic explosives are the best timber-cutting charges for both 
internal and external placement. These explosives are good internal charges because you can easily 
tamp them into boreholes. They make excellent external charges, as they are easy to tie, tape, or 
fasten to the target. Timber will vary widely in its physical properties from location to location, 
requiring careful calculation. Therefore, make test shots on the specific type of timber to determine 
the optimal size of the timber-cutting charge.|Example A-] (page A-1) shows how to calculate 


internal timber-cutting charges. 


a. Internal Charges. Use the following formula to calculate internal cutting charges: 


pe unco (3-1) 
nd eS 
where- 


P =TNT (or equivalent) required per tree, in pounds. 
D = diameter or least dimension of dressed timber, in inches. 


Use one hole to place the explosive in trees up to 18 inches in diameter. For larger trees, use 
two holes, drilled at right angles to each other without intersecting, but as close together as possible. 
Drill 2-inch diameter holes to a depth equal to two-thirds the diameter of the tree. Split the required 
charge evenly between the holes. Doing this will allow enough room to place the explosive in the 
holes and leave enough room to cap them with mud or clay (Figure 3-4) For dimensioned timber 
requiring two boreholes, place the boreholes side by side. When placing the charges, form the 
plastic explosive to approximate the diameter of the hole. Try to minimize the amount of molding 
so as not to reduce the density of the explosive. Prime the charge with detonating cord 
page 2-14) and place the charge in the hole. Finish filling the holes by packing them with 
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mud or clay, using a nonsparking tool. When using two boreholes, connect the branch lines in a 


junction box (Figure 2-35, page 2-27). 


Double hole 


— Lus 
Detonating cord 


b. External Charges. To be most 
effective, external charges should be 
rectangular, 1 to 2 inches thick, and twice as 
wide as they are high. Remove the bark to 
place the explosive indirect contact with solid 
wood and to reduce air gaps between the 
charge and the wood. If the timber is not 
round or if the direction of fall is not 
important, place the explosive on the widest 
face. Doing this will concentrate the force of 
the blast through the least dimension of the 
timber. Trees will fall toward the side on 
which the explosive is placed, unless 
influenced by wind or lean of the tree (Figure 
3-3). If the tree is leaning the wrong way or a 
strong wind is blowing, place a l-pound 
kicker charge on the side opposite the main 
charge, about two-thirds of the way up the 
tree. Fire the kicker charge at the same time 
as the main charge. For best results when 
using C4, orient the charge's longest 
dimension horizontally. Orienting the 


charges vertically tends to allow gaps to 
develop between the charges. 


Figure 3-2. Timber-cutting charge (internal) 


Single hole 


Tamping 


WA 


is Mahe 


Direction of fall 


Figure 3-3. Timber-cutting charge (external) 
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(page A-2) shows how to calculate external timber-cutting charges. Use the following formula to 
determine the amount of explosive needed for cutting trees, posts, beams, or other timber, using 
untamped external charges: 


p> = P 
per P =0.025D (3-2) 
where- 


P = TNT required per target, in pounds. 
D = diameter or least dimension of dimensioned timber, in inches. 


c. Ring Charge. The ring 
charge is a band of explosives 
Ss Less than 30" diameter | completely circling the tree 
T1 wc: (Figure 3-4). The explosive band 
(f adhesive face of M n should be as wide as possible and 
stick to treo, wrap ALT ES at least 1/2 inch thick for 
tree with tape. p] l A ES small-diameter trees (up to 10 
Pr inches in diameter) and 1 inch 
thick for medium- and 
large-diameter trees (up to 30 
inches in diameter). Use this 
technique when stump elimination 
is important and the direction of 
fall is not. For example, removing 
stumps would be important when 
clearing timber for a helicopter 
Figure 3-4. Timber-cutting ring charge landing zone. Determine the 
amount of explosive necessary b 
using the external-charge formula. Prime the ring charge in two opposing places with branch lines. 
Connect the branch lines in a junction box [Figure 2-34 page 2-27). 


"TJ 1/2" to 1" thick 


d. Underwater Charge. To cut a timber pile underwater, use a method similar to the one 
illustrated in|Figure 3-5} Determine the size of the charge using the external-charge formula. Place 
the charge on the upstream side of the pile and as deep as possible. The stream flow on this part of 
the pile will maximize the tamping effect on the explosive. 


e. Abatis. Fallen-tree obstacles (Figure 3-6) are made by cutting trees that remain attached to 
their stumps. Since trees vary in their physical properties, a test shot is required. Use the following 
formula to compute the amount of TNT required for the test shot: 

2 

D S 
P= 30 ^ P =0.02D (3-3) 
where— 


P = INT required per tree, in pounds. 
D = diameter or least dimension of dimensioned timber, in inches. 
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Ring slides down. 


Charge 
secured to 
ring and stick. 


Figure 3-5. Cutting a timber pile underwater 


(1) Placement. Place abatis charges in the same 
way as external timber charges except place the 
charges 5 feet above ground level. The tree will fall 
toward the side where the explosive is attached 
unless influenced by the lean of the tree or wind. 


(2) Special Considerations. Consider the 
following when creating an abatis: 


Make sure the obstacle will cover at least 
75 meters from end to end. 


Make sure the individual trees are at least 
24 inches in diameter. Smaller trees are 
not effective obstacles against tracked 
vehicles. 


Fell trees 3 to 4 meters apart. Doing this Figure 3-6. Abatis 


creates a condition that prevents tracked 
vehicles from driving over the top of the obstacle. 


Fell the trees at a 45-degree angle toward the enemy. 


Simultaneously detonate the charges on the trees on one side of the road at a time. Then, 
fell the trees on the other side of the road. Delay blasting of the trees on the other side 
of the road until the frost trees have completely fallen. 


To make obstacles harder to remove, place mines, booby traps, or barbed or concertina 
wire in the obstacle, and cover the obstacle with director indirect fire. 


f. Hasty Timber Calculations.| Table 3-1 (page 3-8) lists the required number of C4 packages 
for cutting timber with internal, external, and abatis charges. 
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Table 3-1. Timber-cutting charge size 


Packages of Composition C4 Required (1.25-Pound Packages) 
by Timber Diameter (Inches) 


Was —[- pete tere eet te ei 


NOTE: Packages required are rounded UP to the next whole package. 


Charge | 


Type 


3-6. Steel-Cutting Charges. 


WARNING 
Steel-cutting charges produce metal fragments. 
Proper precautions should be taken to protect 


personnel. Refer to| Table 6-3} page 6-7. 


a. Target Factors. The following target factors are critical in steel-structure demolitions, more 
so than with other materials: 


(1) Target Configuration. The configuration of the steel in the structure determines the type 
and amount of charge necessary for successful demolition. Examples of structured steel are I-beams, 
wide-flange beams, channels, angle sections, structural tees, and steel plates used in building or 
bridge construction. ample Al base A-3) shows how to calculate steel-cutting charges for 
wide-flange beams and girders. 

(2) Target Materials. In addition to its configuration, steel also has varied composition: 


(a) High-carbon steel. Metal-working dies and rolls are normally composed of high-carbon 
steel and are very dense. 


(b Alloy steel. Gears, shafts, tools, and plowshares are usually composed of alloy steel. 
Chains and cables are often made from alloy steel; however, some chains and cables are composed 
of high-carbon steel. Alloy steel is not as dense as high-carbon steel. 


(c) Cast iron. Some steel components (such as railroad rails and pipes) are composed of cast 
iron. Cast iron is very brittle and easily broken. 


(d) Nickel-molybdenum steel. This type of steel cannot be cut easily by conventional 
steel-cutting charges. The jet from a shaped charge will penetrate it, but cutting requires multiple 
charges or linear-shaped charges. Nickel-molybdenum steel shafts can be cut with a diamond 
charge. However, the saddle charge will not cut nickel-molybdenum shafts. Therefore, use some 
method other than explosives to cut nickel-molybdenum steel, such as thermite or acetylene or 
electrical cutting tools. 


b. Explosives Factors. In steel-cutting charges, the type, placement, and size of the explosive 
are important. Confining or tamping the charge is rarely practical or possible. The following factors 
are important when selecting steel-cutting charges: 
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(1) Type. Select steel-cutting charges that operate with a cutting effect. Percussive charges 
are not very effective for steel cutting. Plastic explosive (C4) and sheet explosive (MI 18) are best. 
These explosives have very effective cutting power and are easily cut and shaped to fit tightly into 
the grooves and angles of the target. These explosives are particularly effective when demolishing 
structural steel, chains, and steel cables. 


(2) Placement (Figure 3-7). To achieve the most effective initiation and results, ensure that— 


The charge is continuous over the complete line of the proposed cut. 
There is close contact between the charge and the target. 


The width of the charge's cross section is between one and three times its thickness. Do 
not use charges more than 6 inches thick because you can achieve better results by 
increasing the width rather than the thickness. 


Long charges are primed every 4 to 5 feet. If butting C4 packages end to end along the 
line of the cut, prime every fourth package. 


The direction of initiation is perpendicular to the target (Figure 3-1, page 3-3). 


De 
TR > 
LE 


Charge in Place Charge Split and 
on One Side Placed on Two Sides 


Figure 3-7, Placement of charges on steel members 


(3) Size. The size of the charge is dictated by the target steel's type and size and the type of 
charge selected. Use either C4 or TNT block explosives for cutting steel. C4 works best. Each 
steel configuration requires a unique charge size. 


(a) Block charge. Generally, the following formula will Los you the size of charge necessary 

for cutting I-beams, built-up girders, steel plates, columns, and other structural steel sections. (When 
calculating cutting charges for steel beams, the area for the top flange, web, and bottom flange must 
be calculated separately.) Built-up beams also have rivet heads and angles or welds joining the 
flanges to the web. You must add the thickness of one rivet head and the angle iron to the flange 
thickness when determining the thickness of a built-up beam's flange. Use the thinnest point of the 
web as the web thickness, ignoring rivet-head and angle-iron thickness. Cut the lattice of 
lattice-girder webs diagonally by placing a charge on each lattice along the line of the cut. Use 
[Tables 5-2Jand 3-3 (page 3-10) to determine the correct amount of C4 necessary for cutting steel 
sections. Use the following formula to determine the required charge size page 3-10, 
is based on this formula): 
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= QA or P=0.375A (3-4) 


where- 
P =TM required, in pounds. 
A c-cross-sectional area of the steel member, in square inches. 


Table 3-2. Hasty steel-cutting chart for TNT 


a 0.2 | 0.3 | 0.4 | 0.5 | 0.6 | 0.7 | 0.8 | 0.9 | 1.0 | 1.1 | 1.2 | 1.3 | 1.5 | 1.7 | 1.9 | 2.1 | 23 
Y 0.3 | 0.5 | 0.6 | 0.7 | 0.9 | 1.1 | 1.2 | 1.3 | 1.4 | 1.6 | 5.7 | 2.0 | 2.3 | 2.6 | 2.8 | 3.1 | 3.4 
Y 0.4 } 0.6 | 0.8 | 1.0 | 1.2 | 1.4 | 1.5 | 1.7 | 1.9 | 2.1 | 2.3 | 2.7 | 3.0 | 9.4 | 3.8 | 42 | 45 
Y 0.5 | 0.7 | 1.0 | 1.2 | 1.4 | 1.7 | 1.9 | 2.2 | 2.4 | 2.7 | 2.9 | 3.3 | 3.8 | 43 | 4.7 | 5.2 | 5.7 
34 0.6 | 0.9 | 1.2 | 1.4 | 1.7 | 2.0 | 2.3 | 2.6 | 2.8 | 3.1 | 3.4 | 40 | 45 | 5.1 | 5.7 | 6.3 168 
7A 0.7 | 1.0 | 1.4 | 1.7 | 2.0 | 2.4 | 2.7 | 3.0 | 3.3 | 3.7 | 4.0 | 4.6 | 5.3 | 6.0 | 6.6 | 7.3 | 7.9 
1 0.8 | 1.2 | 1.5 | 1.9 | 2.3 | 2.7 | 3.0 | 3.4 | 3.8 | 42 | 45 | 5.3 | 6.0 | 6.8 | 7.5 | 8.3 | 9.0 


Weight of Composition C4 Required for Rectangular Steel Sections 
(Helght or Width, In Inches) 


wa | 02 | 03 | 03 | 0.4 | 05 | 0.6 | 08 | 09 | 1.0 | 1.2 | 13 | t5 | t6 | 18 | 
B-EIUJEIEJEJ fortes triste ie ee er ee oe 
| we | 03 | 05 | 06 | 08 | 09 | 1.2 | 15 | 18 | 21 | 29 | 26 | 29 | 32 | 34- 
| 58 | 0.4 | 06 | 08 | 09 | 1.4 | 15 | 18 | 22 | 25 | 29 | 32 | 35 | 39 | 43 
MECA AC vr 1s 1s [es ze EEE | 43 | 47 | sa 
| m |os|os [+1 [13 [1512125 |so [a5 | 4 | 45 | so [55 | 59 | 
EEGNLCEDECIBESRESECIEXECSECUECAESBECHEZRELA 


NOTE: Round UP to the nearest 10 pound when calculating charge sizes. 


To use this table: 

1. Measure each rectangular section of the total member separately. 

2. Find the approparite charge size for the rectangular section from the table. If the section dimension is 
not listed in the table, use the next-larger dimension. 

3. Add the individual charges for each section to obtain the total charge weight. 
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(b) High-carbon or alloy steel. Use the following formula to determine the required charge 
for cutting high-carbon or alloy steel: 


P=D (3-5) 
where- 


D =TNT required, in pounds. 
D = diameter or thickness of section to be cut, in inches. 


(c) Steel bars, rods, chains, and cables ad 
(up to 2 inches). The size of these materials bridas the link-- 
makes proper charge placement difficult. For 
example, Figure 3-8 shows charge placement 
on a chain. If the explosive is long enough to 
bridge both sides of the link or is large enough 
to fit snugly between the two links, use one 
charge. If the explosive is not large enough to 
bridge both sides, use two charges. Use the [jr not, use two mu o 
following amount of explosive: blocks, one on < M `" 


each side of link. | E 
For materials up to 1 inch in | 
diameter or thickness, use 1 pound 
of explosive. 

For materials between 1 and 2 in- 


ches in diameter or thickness, use 2 
pounds of explosive. 


10" 


(d) Steel bars, rods, chains, and cables 
(over 2 inches). When the target diameter or 
thickness is 2 inches or greater, use equation 3-4. 
When the thickness or diameter is 3 inches or 
greater, place half of the charge on each side of, 
the target and stagger the placement to produce 
the maximum shearing effect (Figure 3-9). 


(e) Railroad rails. The height of the 
railroad rail is the critical dimension for Figure 3-9. Charge placement on steel 
determining the amount of explosive required. 

For rails 5 inches or more in height, crossovers, 

and switches, use 1 pound of C4 or TNT. For rails less than 5 inches high, use 1/2 pound of C4 or 
TNT page 3-12). Railroad frogs require 2 pounds of C4 or TNT. Place the charges 
at vulnerable points, such as frogs, curves, switches, and crossovers, if possible. Place the charges 
at alternate rail splices for a distance of 500 feet. 
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CROSSOVER SWITCH 
Figure 3-10. Charge placement on railroad rails 


Section III. Special Cutting Charges 


3-7. Purpose. When time and circumstances permit, you can use the special cutting charges 

(ribbon, saddle, and diamond charges) instead of conventional cutting charges. These charges may 

require extra time to prepare, since they require exact and careful target measurement to achieve 

optimal effect. With practice, an engineer can become proficient at calculating, preparing, and 
placing these charges in less time than required for traditional charges. Special cutting charges use 

considerably less explosive than conventional charges. Use plastic-explosive (M112) or 
sheet-explosive (M118 or M186) charges as special charges. C4 requires considerable cutting, 

shaping, and molding, which may reduce its density and, therefore, its effectiveness. Sheet 

explosive is more suitable than C4, since sheet explosive is more flexible and requires less cutting. 

Use of these charges requires considerable training and practice. The charges are thin and require 

blasting caps crimped to a detonating-cord branch line for initiation. (A detonating-cord knot will 

work but is difficult to place and can ruin the advantage of the special charge shape). 


3-8. Ribbon Charges. Use these charges to cut flat, steel targets up to 3 inches thick (Figure 3- 11). 
Make the charge thickness one-half the target thickness but never less than 1/2 inch. Make the charge 
width three times the charge thickness and the length of the charge equal to the length of the desired 
cut. Detonate the ribbon charge from the center or from either end. When using the ribbon charge 
to cut structural steel sections, place the charge as shown in|Figure 3-12. The detonating-cord branch 
lines must be the same length and must connect in a junction box page 2-27) [Example 
(page A-5) shows how to calculate steel-cutting charges for steel plates. The formula for the 
ribbon charge is as follows: 


a. Charge Thickness. The charge thickness equals one half the target’s thickness; however, it 
will never be less than 1/2 inch. 


b. Charge Width. The charge width is three times charge thickness. 
c. Charge Length. The charge length equals the length of the desired cut. 
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Thickness of charge is half the 
thickness of the target or a 
Le x, Minimum of 1/2" thick. 


Width of charge is 3 times the 
thickness of the charge. 


Blasting cap 


Primed at center 


Fuse lighter 


Length of charge equals 


length of target. WZ 


Figure 3-11. Ribbon charge 


Beams 2" Thick or More 

C-shaped charge cuts web and : Offset flange placed so one 

half of top and bottom flanges. . Tos Fete an edge of 
Offset-flange charge is placed E 9 C-shaped charge. 


so one edge is opposite the 
center of C-shaped charge. 
e 


Beams Less Than 2" Thick 


BN 

- ^X 
I US, 

Ce 


| Detonate from 
Detonate Te 334 outer edge. 
from center N, ` 


Priming 


Detonating-cord primers must 


Figure 3-12. Placement of ribbon charge on structural steel 


3-9. Saddle Charge. This steel-cutting method uses the destructive effect of the cross fracture 
formed in the steel by the base of the saddle charge (end opposite the point of initiation). Use this 
charge on mild steel bars, whether round, square, or rectangularly shaped, up to 8 square inches or 
8 inches in diameter page 3-14). Make the charge a uniform l-inch thick. Example 
(page A-7) shows how to calculate steel-cutting charges for steel bars, Determine the 
dimensions of the saddle charge as follows: 


a. Dimensions. 
(1) Thickness. Make the charge 1 inch thick (standard thickness of MI 12 block explosive). 
(2) Base Width. Make the base width equal to one-half the target circumference or perimeter. 


(3) Long-Axis Length. Make the long-axis length equal to the target circumference or 
perimeter. 
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Figure 3-13. Saddle charge 


b. Detonation. Detonate the saddle charge by placing a blasting cap at the apex of the long 
axis. 


c. Placement. The long axis of the saddle charge should be parallel with the long axis of the 
target. Cut the charge to the correct shape and dimensions and then place it around the target. Ensure 
the charge maintains close contact with the target by taping the charge to the target. 


3-10. Diamond Charge. This technique, the stress-wave method, employs the destructive effect 
of two colliding shock waves. The simultaneous detonation of the charge from opposite ends 


(Figure 3-14) produces the shock waves. Use the diamond charge on high-carbon or alloy steel 
bars up to 8 inches in diameter or having cross-sectional areas of 8 square inches or less. 
[A-8|(page A-7) shows how to calculate steel-cutting charges for high-carbon steel. 


a. Dimensions. 
(1) Thickness. Make the charge 1 inch thick (standard thickness of MI12 block explosive). 


(2) Long-Axis Length. Make the long-axis length equal to the target circumference or 
perimeter. 


(3) Short-Axis Length. Make the short-axis length equal to one-half the target circumference 
or perimeter. 
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Figure 3-14. Diamond charge 


b. Placement. Place the explosive completely around the target so that the ends of the long 
axes touch. You may have to slightly increase the charge dimensions to do this. To ensure adequate 
contact with the target, tape the charge to the target. 


c. Priming. Prime the diamond charge (Figure 3-14) with two detonating cord branch lines 
using one of the following methods: 


Detonating cord knots (Figure 2-15, page 2- 14). 


Two electric blasting caps in a series circuit page 2-8). 
Two nonelectric blasting caps (Figure[2-33, page 2-27). 


NOTE: When using detonating cord knots or nonelectric blasting caps, the branch lines must be 
the same length. 


Section IV. Breaching Charges 


3-11. Critical Factors. Use breaching charges to destroy bridge piers, bridge abutments, and 
permanent field fortifications. The size, shape, placement, and tamping or confinement of breaching 
charges are critical to success. The size and confinement of the explosive are the most critical factors 
because the targets are usually very strong and bulky. The intent of breaching charges is to produce 
and transmit sufficient energy to the target to make a crater and create spalling. Breaching charges 
placed against reinforced concrete will not cut metal reinforcing bars. Remove or cut the 
reinforcement with a steel-cutting charge after the concrete is breached. 


3-12. Computation. 


a. Formula. Determine the size of the charge required to breach concrete, masonry, rock, or 
similar material by using the following formula: 
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P=RKC (3-6) 
where— 


P =TNT required, in pounds. 
R = breaching radius, in feet. 
K = material factor, which reflects the strength, hardness, and mass of the 
material to be demolished, (Table 3-4). 
C = tamping factor, which depends on the location and tamping of the charge (Figure 3-15). 


| Table 3-4. Material factor (K) for breaching charges | 
material] Breschngreaus(m | K | 
am — was [oo] 


| Poor masonry, Less than 1.5 m (5 ft) 
| Shale, 
Hardpan, 
| Good timber, 
Earth construction 


1.5 m (5 ft) or more 


Good masonry, 
I Concrete block, 
Rock 


Dense concrete, 
First-class masonry 


0.3 m (1 ft) or less 

Over 0.3 m (1 ft) to less than 0.9 m (3 ft) 
0.9 m (3 ft) to less than 1.5 m (5 ft) 

1.5 m (5 ft) to less than 2.1 m (7 ft) 

2.1 m (7 ft) or more 


0.3 m (1 ft) or less 
Over 0.3 m (1 ft) to less than 0.9 m (3 ft) 


0.9 m (3 ft) to less than 1.5 m (5 ft) 
1.5 m (5 ft) to less than 2.1 m (7 ft) 
2.1 m (7 ft) or more 


0.3 m (1 ft) or less 

Over 0.3 m (1 ft) to less than 0.9 m (3 ff) 
0.9 m (3 ft) to less than 1.5 m (5 f)t 

1.5 m (5 ft) to less than 2.1 m (7 ft) 

2.1 m (7 ft) or more 


| Reinforced concrete 
| (Factor does not 


un Of stemmed Deep 


m — 111 water 


O E A M 


Figure 3-15. Tamping factor (C) for breaching charges 
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b. Breaching Radius (R). The breaching radius for external charges is equal to the thickness 
of the target being breached. For internal charges placed in the center of the target’s mass, the 
breaching radius is one half the thickness of the target. If the charge is placed at less than half the 
mass thickness, the breaching radius is the longer of the distances from the center of the charge to 
the outside surfaces of the target. For example, when breaching a 4-foot wall with an internal charge 
placed 1 foot into the wall, the breaching radius is 3 feet (the longest distance from the center of the 
explosive to an outside target surface). If placed at the center of the wall: mass, the explosive's 
breaching radius is 2 feet (one-half the thickness of the target). The breaching radius is 4 feet for 
an external charge on this wall. Round values of R to the next-higher 4-foot distance for internal 
charges and to the next-higher %-foot distance for external charges. 


c. Material Factor (K). K represents the strength and hardness of the target material. [Table] 
gives values for K for various types and thicknesses of material. When you are unable to 
positively identify the target material, assume the target consists of the strongest type of material in 
the general group. Always assume concrete is reinforced and masonry is first-class unless you know 
the exact condition and construction of the target materials. 


d. Tamping Factor (C). C depends on the charge location and materials used for tamping. 
Figure Sila methods for placing charges and gives the values of C for both tamped and 
untamped charges. When selecting a value for C from do not consider a charge tamped 
with a solid material (such as sand or earth) as fully tamped unless you cover the charge to a depth 


equal to or greater than the breaching radius. 


3-13. Breaching Reinforced Concrete|Table 3-5|(page 3-18) gives the number of C4 packages 
required for breaching reinforced-concrete targets. Example A-9 (page A-8) shows how to calculate 
the breaching charge for a reinforced-concrete pier. The amounts of C4 in the table are based on 
equation 3-6. To use the table, do the following: 

a. Measure the concrete thickness. 


b. Decide how the charge will be placed against the target. Compare the method of placement 
with the diagrams at the top of the|Table 3-5| (page 3-18). If in doubt about which column to use, 
always use the column that lists the greatest amount of explosive. 


c. Using the column directly under the chosen placement method, select the amount of 
explosive required, based on target thickness. For example, 200 packages of C4 are required to 
breach a 7-foot reinforced-concrete wall with an untamped charge placed 7 feet above ground. 
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Table 3-5. Breaching charges for reinforced concrete 
Placement Methods 
NI 


NT 
DL 


INOTE: The results of all calculations for this table have been rounded UP to the next whole 
jpackage. 


3-14. Breaching Other Materials. You can also use Table 3-5 to determine the amount of C4 


required for other materials by multiplying the value from the table by the proper conversion factor 
from Table 3-4. Use the following procedure: 


a. Determine the type of material in the target. If in doubt, assume the material to be the 
strongest type from the same category. 


b. Determine from Table 3-5 the amount of explosive required if the object were made of 
reinforced concrete. 


c. Find the appropriate conversion factor from| Table 3-6 


d. Multiply the number of packages of explosive required (from Table 3-5) by the conversion 
factor (from| Table 3-6). 
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Table 3-6. Conversion factors for material 
other than reinforced concrete 


Conversion | 


Ordinary masonry 


Ordinary concrete 
Rock 

Good timber 
Earth construction 


Dense concrete 
First-class masonry 


3-15. Number and Placement of Charges. 


a. Number of Charges. Use the following formula for determining the number of charges 
required for demolishing piers, slabs, or walls: 
W 


TOR (3-7) 


where- 


N = number of charges. (If N is less than 1.25, use one charge; if N is 1.25 but less than 2.5, 
use two charges; if N is equal to or greater than 2.5, round to the nearest whole number 
and use that many charges.) 

pier, slab, or wall width, in feet. 

breaching radius, in feet. 


The first charge is placed R distance in 
from one side of the target. The remainder 
of the charges are spaced at a distance of 2R 
apart (Figure 3-16). 


b. Placement. 


(1) Limitations. Piers and walls offer 
limited locations for placing explosives. 
Unless a demolition chamber is available, 
place the charge (or charges) against one face 
of the target. Placing a charge above ground 
level is more effective than placing one Figure 3-16. Charge placement 
directly on the ground. When the demolition 
requires several charges to destroy a pier, slab, or wall and you plan to use elevated charges, 
distribute the charges equally, no less than one breaching radius high from the base of the target. 
Doing this takes maximum advantage of the shock wave. If possible, place breaching charges so 
that there is a free reflection surface on the opposite side of the target. This free reflection surface 
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allows spalling to occur. If time permits, tamp all charges thoroughly with soil or filled sandbags. 
The tamped area must be equal to or greater than the breaching radius. For piers, slabs, or walls 


partially submerged in water, place charges equal to or greater than the breaching radius below the 
water line, if possible (Figure 3-15, page 3.10) 


(2) Configuration. For maximum effectiveness, place the explosive charge in the shape of a 
flat square. The charge width should be approximately three times the charge thickness. The 
thickness of the charge depends on the amount of explosive required (Table 3-7). 


Table 3-7. Breaching charge thickness* 


Charge 
Charge Weight Thiókness 
(Pounds) (Inches) 
| 
Less than 5 ij 
5 to less than 40 
40 to less than 300 
300 or more 


"Approximate values 


3-16. Counterforce Charge. 


a. Use. This special breaching technique is effective against rectangular masonry or concrete 
columns 4 feet thick or less. It is not effective against walls, piers, or long obstacles. The obstacle 
also must have at least three free faces or be freestanding. If constructed of plastic explosives (C4) 
and properly placed and detonated, counterforce charges produce excellent results with a relatively 
small amount of explosive. Their effectiveness results from the simultaneous detonation of two 
charges placed directly opposite each other and as near the center of the target as possible (Figure 
2-17). 


Detonating cord from charges Detonating cord 


Charge 
S i Tape 
a E N Tare Blasting cao 
on | 
Time fuse 
To line main 
y Junction box 
irl in Detonating cord branch 


line from line main 


Figure 3-17. Counterforce charge 


b. Calculation. The thickness or diameter of the target determines the amount of plastic 
explosive required. The amount of plastic explosive equals 1% times the thickness of the target, in 
feet (1 % pounds of explosive per feet). Round fractional measurements to the next higher half foot 
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before multiplying. For example, a concrete target measuring 3 feet 9 inches thick requires 6 pounds 
of plastic explosive (1.5 Ib /foot x 4 feet). 


c. Placement. Split the charge in half. Place the two halves directly opposite each other on 
the target. This method requires accessibility to both sides of the target so the charges will fit flush 
against their respective target sides. 


d. Priming. Prime both charges on the face farthest from the target. Join the ends of the 
detonating-cord branch lines in a junction box (Figure 3- 17). The length of the branch lines from 


both charges must be equal to ensure simultaneous detonation. 
Section V. Cratering and Ditching Charges 


3-17. Factors. 


a. Sizes. To be effective obstacles, road craters must be too wide for track vehicles to span and 
too deep and steep-sided for any vehicle to pass through. Blasted road craters will not stop modern 
tanks indefinitely. A tank, making repeated attempts to traverse the crater, will pull soil loose from 
the slopes of the crater, filling the bottom and reducing both the crater's depth and angle of slope. 
Road craters are effective antitank obstacles if a tank requires three or more passes to traverse the 
crater, thereby providing enough time for antitank weapons to stop the tank. Road craters should 
be large enough to tie into natural or constructed obstacles at each end. Improve the effectiveness 
of blasted road craters by placing log hurdles on either side, digging the face of the hurdle vertically 
on the friendly side, mining the site with antitank and antipersonnel mines, filling the crater with 
water, or by using other means to further delay enemy armor. Cut road craters across the desired 
gap at a 45-degree angle from the direction of approach. This angled cut will increase the tank's 
tendency to slip sideways and ride off its track. To achieve sufficient obstacle depth, place craters 
in multiple or single rows, enhancing some other obstacle, such as a bridge demolition. When 
creating more than one row of craters, space them far enough apart so that a single armored vehicle 
launch bridge (AVLB) will not span them. 


b. Explosives. All military explosives can create antitank craters. When available, use the 
40-pound, ammonium-nitrate cratering charge (Figure 1-5) page 1-8) for blasting craters. 


c. Charge Confinement. Place cratering charges in boreholes and tamp them. 


3-18. Breaching Hard-Surfaced Pavements. Breach hard-surfaced pavements so that holes can 
be dug for the cratering charges. This can be done by exploding tamped charges on the pavement 
surface. Use a l-pound charge of explosive for each 2 inches of pavement thickness. Tamp the 
charges twice as deep as the pavement thickness. Shaped charges also are effective for breaching 
hard-surfaced pavements. A shaped charge will readily blast a small-diameter borehole through 
the pavement and into the subgrade. Blasting the boreholes with shaped charges will speed up the 
cratering task by first, eliminating the need to breach the pavement with explosive charges and then 
digging the hole for the cratering charge. Do not breach concrete at an expansion joint because the 
concrete will shatter irregularly [Table 13 (page 1-10) lists hole depths and optimum standoff 
distances when using the 15- or 40-pound shaped charges against various types of material, Shaped 
charges do not always produce open boreholes capable of accepting a 7-inch diameter cratering 
charge. You may need to remove some earth or widen narrow areas to accommodate the cratering 
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charge. Widen deep, narrow boreholes by knocking material from the constricted areas with a pole 
or rod or by breaking off the shattered concrete on the surface with a pick or crowbar. 


3-19. Hasty Crater. This method takes the least amount of time to construct, based upon the 
number and depth of the boreholes. However, it produces the least effective barrier because of its 
depth and shape (Figure 3-1 8). The hasty method forms a V-shaped crater about 6 to 7 feet deep 
and 20 to 25 feet wide, extending approximately 8 feet beyond each end borehole. The sides of the 
crater slope 25 to 35 degrees. Modern US tanks require an average of four attempts to breach a 
hasty crater. To forma crater that is effective against tanks, boreholes must be at least 5 feet deep 
with at least 50 pounds of explosive in each hole. Use the following procedure to create a road 
crater: 


pere © aep ES 


5 (min) 


Figure 3-18. Placing charges for a hasty crater 


a. Boreholes. Dig all boreholes to the same depth (5 feet or deeper recommended). Space the 
boreholes at 5-foot intervals, center to center, across the road. Use the following formula to compute 
the number of boreholes: 


Nate a (3-8) 

where- 

N = number of boreholes; round fractional numbers to next higher whole number. 

L = length of the crater, in feet. (Measure across the area to be cut. Round fractional 
measurements to the next higher foot). 

16 = combined blowout of 8 feet each side. 

5 = 5-foot spacing. 

1 = factor to convert from spaces to holes. 


b. Charge Size. Load the boreholes with 10 pounds of explosive per foot of borehole depth. 
When using standard cratering charges, supplement each charge with additional explosives to obtain 
the required amount. For example, a 6-foot hole would require one 40-pound cratering charge and 
20 pounds of TNT or C4. 
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c. Firing System. Use dual firing systems when time and explosives permit (Figures 2-27 
page 2-24). Initiate with either electric or nonelectric caps. Dual prime the 40-pound cratering 


charge as shown in (page 2-20). 
d. Tamping. Tamp all boreholes with suitable materials. 


3-20. Deliberate Crater. Figure 3-19 illustrates a method that produces a more effective crater 
than the hasty method. Modem US tanks require an average of eight attempts to breach a deliberate 
crater. Placing charges deliberately produces a V-shaped crater, approximately 7 to 8 feet deep and 


25 to 30 feet wide, with side slopes of 30 to 37 degrees. The crater extends approximately 8 feet 
beyond the end boreholes Example A-11| (page A-9) shows how to calculate a cratering charge. 


80 Ib 


Crater is approximately 8’ deep. 


Figure 3-19. Placing charges for a deliberate crater 


a. Determine the number of boreholes required, using the same formula as for a hasty crater. 
When there is an even number of holes (Figure 3-20) page 3-24), place two adjacent 7-foot boreholes 
in the middle. 


b. Dig or blast the boreholes 5 feet apart, center to center, in a line across the area to be cut. 
Make the end boreholes 7 feet deep and the other boreholes alternately 5 and 7 feet deep. Never 
place two 5-foot holes next to each other. 


c. Place 80 pounds of explosive in the 7-foot holes and 40 pounds of explosive in the 5-foot 
holes. 


d. Use dual firing systems (Figure 2-27] page 2-24). Initiate with either electric or nonelectric 
caps. Dual prime the 40-pound cratering charge as shown in|Figure 2-21| (page 2-20). 


e. Tamp all charges with suitable materials. 


3-21. Relieved-Face Crater. The method shown in|Figure 3-20| (page 3-24) produces a crater that 
is a more effective obstacle to modern tanks than the standard V-shaped crater. This technique 


produces a trapezoidal-shaped crater about 7 to 8 feet deep and 25 to 30 feet wide with unequal side 


slopes. In compact soil, such as clay, the relieved-face cratering method will create an obstacle such 
as the one illustrated in Figure 3-20| (page 3-24). The side nearest the enemy slopes approximately 
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25 degrees from road surface to crater bottom. The opposite (friendly) side slopes approximately 
30 to 40 degrees from road surface to crater bottom. However, the exact shape of the crater depends 
on the type of soil. Use the following procedure to create a relieved-face crater: 


| Enemy Row | 


NOTE: Cover detonating cord 
with a minimum of 6" of soil. 


face crater 


Figure 3-20. Relieved- 


a. On dirt or gravel-surfaced roads, drill two lines of boreholes 8 feet apart, spacing them at 
7-foot centers. On hard-surfaced roads, drill the two lines of boreholes 12 feet apart. Use the 
following formula to compute the number of boreholes for the friendly-side row: 

L-10 4 
7 


where— 


N= 1 (3-9) 


N = number of boreholes; round fractional numbers to the next higher whole number. 
L = crater length, in feet. (Measure across the area to be cut. Round fractional 
measurements to the next higher foot.) 


10 = combined blowout of 5 feet each side. 
/ = spacing of holes. 
1 = factor to convert spaces to holes. 


b. Stagger the boreholes in the row on the enemy side in relation to the holes in the row on the 
friendly side (Figure 3-20). The line closest to the enemy will always contain one less borehole 
than the friendly line. 


c. Make the boreholes on the friendly side 5 feet deep, and load them with 40 pounds of 
explosive. Make the boreholes on the enemy side 4 feet deep, and load them with 30 pounds of 
explosive. 


d. Use a dual firing system for each line of boreholes. Prime any 40-pound cratering charge 
as shown in| Figure 2-21 (page 2-20). 


e. Tamp all holes with suitable material. 


There must be a 0.5- to 1.5-second delay in detonation between the two rows of boreholes. 
Detonate the row on the enemy side frost. Then fire the friendly-side row while the earth from the 
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enemy-side detonation is still in the air. Use standard delay caps. If the firings cannot be staggered, 
fire both rows simultaneously. However, the crater produced by a simultaneous detonation will not 
have the same depth and trapezoidal shape as a relieved-face crater. 


3-22. Misfire Prevention. The shock and blast of the first row of charges may affect the delayed 
detonation of the friendly-side charges. To prevent misfires of the friendly-side charges, protect its 
detonating-cord lines by covering them with approximately 6 inches of earth. 


3-23. Creating Craters in Permafrost and Ice. 


a. Blasting in Permafrost. Permafrost can be as hard as solid rock. Therefore, you must adapt 
the procedures for blasting or cratering to accommodate permafrost conditions. In permafrost, 
blasting requires approximately twice as many boreholes and larger charges than for cratering 
operations in moderate climates. Blasted, frozen soil breaks into clods 12 to 18 inches thick and 6 
to 8 inches in diameter. Because normal charges have insufficient force to blow these clods clear 
of the boreholes, the span falls back into the crater when the blast subsides. 


(1) Boreholes. Before conducting extensive blasting, perform a test on the soil in the area to 
determine the number of boreholes needed. Dig the boreholes with standard drilling equipment, 
steam-point drilling equipment, or shaped charges. Standard drilling equipment has one serious 
defect—the air holes in the drill bits freeze. There is no known method to prevent this freezing. 
Steam-point drilling is effective for drilling boreholes in sand, silt, or clay, but not in gravel. Place 
the charges immediately after withdrawing the steam point; otherwise, the area around the borehole 
thaws and collapses. Shaped charges also are effective for producing boreholes, especially when 
forming craters Table 1-3 (page 1-10) lists borehole sizes made by shaped charges in permafrost 
and ice. 


(2) Explosives. If available, use low-velocity explosives, such as ammonium nitrate, for 
blasting holes in arctic climates. The displacing quality of low-velocity explosives will more 
effectively clear large boulders from the crater. If only high-velocity explosives are available, tamp 
the charges with water and let them freeze before detonating. Unless thoroughly tamped, 
high-velocity explosives tend to blow out of the boreholes. 


b. Blasting in Ice. Access holes in ice are required for obtaining water and determining the 
capacity of the ice for bearing aircraft and vehicles. To accommodate rapid forward movements, 
you must be capable of quickly determining ice capacities. Blasting operations provide this ability. 


(1) Boreholes. Make small-diameter access holes using shaped charges. The M2A4 charge 
will penetrate ice as thick as 7 feet; the M3A1 charge will penetrate over 12 feet of ice (Table 1-3 


page 1-10). The M3A1 can penetrate deeper, but it has only been tested on ice approximately 12 
feet thick. If placed at the normal standoff distance, the charge forms a large crater at the surface, 
requiring you to do considerable probing to find the actual borehole. Use a standoff distance of 42 
inches or more with the M2A4 shaped charge to avoid excessive crater formation. The M2A4 
creates an average borehole diameter of 3 % inches. An M3A1 borehole has an average diameter 
of 6 inches. In late winter, ice grows weaker and changes color from blue to white. Although the 
structure and strength of ice vary, the crater effect is similar, regardless of the standoff distance. 


(2) Craters. Make surface craters with ammonium-nitrate cratering charges or demolition 
blocks. For the best results, place the charges on the surface of cleared ice and tamp them with 
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snow. When determining charge size, keep in mind that ice has a tendency to shatter more readily 
than soil, and this tendency will decrease the charge's size. 


c. Making Vehicle Obstacles. Create a vehicle obstacle in ice by first making two or more 
rows of boreholes. Space the boreholes 9 feet apart and stagger them in relation to the holes in the 
other rows. Suspend M112 charges about 2 feet below the bottom surface of the ice with cords tied 
to sticks, bridging the sticks over the top of the holes. The size of the charge depends on the thickness 
and condition of the ice. Use test shots to find the optimum amount. This type of obstacle can 
retard or halt enemy vehicles for approximately 24 hours at temperatures near -24 degrees 
Fahrenheit. 


3-24. Craters as Culverts. Destroying a culvert not more than 15 feet deep may also produce an 
effective crater. Prime the charges for simultaneous detonation, and thoroughly tamp all charges 
with sandbags. Destroy culverts that are no deeper than 5 feet by placing explosive charges in the 
same way as for hasty road craters. Space the boreholes at 5-foot intervals in the fill above and 
alongside the culvert. In each hole place 10 pounds of explosives per foot of depth 


3-25. Craters as Antitank Ditches. Excavate antitank ditches by either the hasty or deliberate 
cratering method (paragraphs 3-19 hnd 3-20) pages 3-22 and 3-23). 


3-26. Ditching Methods. Explosives can create ditches rapidly. Slope ditches at a rate of 2 to 4 
feet of depth per 100 feet of run. Place ditches in areas where natural erosion will aid in producing 

the correct grade. If you cannot place a ditch in an area aided by erosion, make the ditch deeper, 

increasing the depth as the length increases. Use the following methods for creating ditches: 


a. Single Line. The single-line method (Figure 3-21) is the most common ditching method. 
Detonate a single row of charges along the centerline of the proposed ditch, leaving any further 
widening for subsequent lines of charges| Table 3-8 gives charge configurations for the single-line 
method. 


Figure 3-21. Single-line method of ditching 
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Table 3-8. Single-line ditching explosives data 


Required 
Width Top of 
Ditch (w) 


Required 
Ditch Depth 


Charges Borehole Borehole 
per Hole Depth (h) Spacing (s) 
(Pounds) 


b. Cross Section. When it is necessary to blast the full width of the ditch in one operation, use 
the cross-section method (Figure 3-22). Table 3-9 gives charge configurations for the cross-section 
method. Place an extra charge midway between lines of charges. 


Figure 3-22. Cross-section method of ditching 


Table 3-9. Cross-section ditching explosives data 


Required Width (w) In Feet 
rr Charge 


Number of Boreholes In Each Cross per Hole 
Section 
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Section VI. Land-Clearing Charges 


3-27. Stump Removal. Stumps have two general root types: taproot and lateral root (Figure 3-23). 
Measure the stump diameter 12 to 18 inches above ground level. Round the diameter to the next 
higher % foot. Use 1 pound of explosive per foot of diameter for dead stumps and 2 pounds of 
explosive per foot of diameter for live stumps. If removing the complete tree, increase the amount 
of explosive by 50 percent. If you cannot identify the root type, assume the tree has a lateral root 
structure and proceed accordingly. 


a. Taprooted Stumps. Two methods are common for removing taprooted stumps. One method 
is to drill a hole in the taproot and place the charge in the hole. Another method is to place charges 
on both sides of the taproot, creating a shearing effect (Figure 3-23). If possible, place the charges 
in contact with the root and at a depth approximately equal to the diameter of the stump. 


b. Laterally Rooted Stumps. When blasting laterally rooted stumps, drill sloping holes between 
the roots (Figure 3-23). Drill the holes and place the charges as closely to the center of the stump 
as possible, at a depth equal to the radius of the stump base. Trees with large lateral roots may 
require additional charges. Place the additional charges directly underneath the lame lateral roots. 


Placement of Charge Placement of Charge for 
for Taprooted Stumps Lateral-Rooted stumps 


D 
/ Detonating cord 
Cap 


\ y 
o 
y > 


Figure 3-23. Stump blasting 


3-28. Boulder Removal. Blasting is an effective way to remove boulders. The most practical 
methods are snake-hole, mud-cap, and block-hole: 


a. Snake-Hole Method. This method involves digging a hole beneath the boulder large enough 
to hold the charge. Pack the charge under and against the boulder as shown in| Figure 3-24 Table 
[3-10] lists the required charge sizes. 
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Figure 3-24. Boulder blasting 


Table 3-10. Boulder-blasting charges 


Charge Size (Pounds) | 
Boulder Diameter 
(Feet) 


Block-Hole Snake-Hole Mud-Cap 
Method Method Method 


b. Mud-Cap Method. Place the charge in a crack or seam in the boulder (Figure 3-24, page 


3-28). Cover the charge with 10 to 12 inches of mud or clay.|Table 3-11 lists the required charge 


sizes. 


c. Block-Hole Method. Drill a hole in the top of the boulder deep and wide enough to hold the 
amount of explosive required|(Table 3-11). Prime the charge with detonating cord and tamp firmly 
(Figure 3-24, page 3-28). 


3-29. Springing Charge. A springing charge is a comparatively small charge for enlarging a 
borehole to accommodate a larger charge. At times, you may have to detonate two or more springing 
charges in succession to make the chamber large enough for the final charge. Wait at least two 
hours between firing successive charges to allow the borehole to cool, unless you cool the hole with 
water or compressed air. For soils, use several strands of detonating cord, 5 to 6 feet long, taped 
together to forma multicord wick. For best results, extend the wick the full length of the borehole. 
As a general rule, one strand of detonating cord (single-cord wick) will widen a borehole’s diameter 
by about 1 inch. For example, a 10-cord wick will create a 10-inch diameter borehole. Make the 
initial borehole by driving a steel rod approximately 2 inches in diameter into the ground to the 
required depth. Place the wick into the initial borehole with an inserting rod or some other 
field-expedient device. The detonating-cord wick works best in hard soll aaah D] page 
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D-4). If placing successive charges in the same borehole, use water, or compressed air, or wait two 
hours to cool the borehole before placing the next charge. 


3-30. Quarrying. Military quarries are generally open-faced and mined by the single- or 
multiple-bench method. TM 5-332 gives detailed information on military quarries. 


Section VII. Special Applications 


3-31. Survivability Positions. In many circumstances, the use of explosives can reduce digging 
time and effort. Use explosives only in soil that would normally be excavated by pick and shovel. 
Explosives are not recommended for excavations less than 2 feet deep. Use small charges buried 
and spaced just enough to loosen the soil, limiting the dispersion of soil to as small an area as 
possible. Do not attempt to form a crater doing this spreads soil over a large area, affecting 
concealment and weakening the sides of the finished position. Explosives can create individual 
fighting positions and larger crew-served, gun, or vehicle positions. Using explosives in this manner 
requires some advance preparation. In the case of an individual fighting position, the preparation 
time may exceed time required to prepare the position by traditional methods. 


a. Depth. Place charges 1 foot shallower than the required depth, to a maximum of 4 feet. If 
the required depth is greater than 5 feet, dig the position in two stages, dividing the required depth 
in half for each stage. Make the boreholes with an earth auger, wrecking bar, picket driver, or other 
expedient device. 


b. Spacing. For rectangular excavations, dig the boreholes in staggered lines. For circular 
excavations, dig the boreholes in staggered, concentric rings. The spacing between boreholes in 
each line or ring and between lines or rings should be between 1 and 1.5 times the borehole depth. 
Ensure all charges are at least 2 feet inside the proposed perimeter of the excavation. Also, dig an 
8-by 8-inch channel around the outer perimeter of the proposed excavation, with the outer edge of 
the channel forming the outer edge of the finished excavation. Figure 3-25 shows layouts for 
rectangular and circular excavations. 


Figure 3-25. Borehole layouts 
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c. Charge Size. Use 4-pound charges of plastic explosive to dig foxholes. For large 
excavations, use charges between % and 1 % pounds, depending on spacing and soil characteristics. 
A test shot is usually necessary to determine the correct charge size. 


d. Concealment. Reduce explosion noise and spoil scatter by leaving any sod in place and 
covering the site with a blasting mat. Improvise blasting mats by tying tires together with natural 
or synthetic rope (steel-wire rope is unacceptable) or by using a heavy tarpaulin. 


3-32. Equipment Destruction. 


WARNING 
Steel-cutting charges produce metal fragments. 


Proper precautions should be taken to protect personnel. 


Refer td Table 6-3} page 6-7. 


a. Guns. Destroy gun barrels with explosives or their own ammunition. Also be sure to remove 
or destroy the small components, such as sights and other mechanisms. 


(1) Explosive Method. 


(a) To prepare a gun for demolition, first block the barrel just above the breach. For 
small-caliber guns that use combined projectile-propellant munitions, solidly tamp the first meter 
of the bore with earth. For heavier guns that use projectiles separate from propellants, simply load 
a projectile and aim the tube to minimize damage should the round be ejected. 


(b) Charge Size.| Table 3-11 | (page 3-32) details the charge size required for standard barrel 


sizes. If necessary, determine the required charge size using the following formula: 


2 

D 

_ D” 3-10 
P 636 (3-10) 
where- 


P — quantity of explosive (any high explosive), in pounds. 
D = bore size of the barrel, in millimeters. 


(c) Placement. Pack the explosive, preferably C4, into the breach, immediately behind the 
tamping. Place the plastic explosive in close contact with the chamber. Close the breach block as 
far as possible, leaving only enough space for the detonating cord to pass without being bent or 
broken. If time permits, place 15-pound charges on the drive wheels of tracked guns and on the 
wheels and axles of towed guns. Connect the branch lines in a junction box or use a ring main. 
Simultaneously detonate all charges. 
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Table 3-11. Gun-destruction charge sizes 


Barrel Size Charge Size | 
(Millimeters) (Pounds) | 


10 

[189 — | 88 
SL 38 — 
Note: Determine appropriate charge sizes for barrel sizes not listed by | 
comparing them to known barrel sizes. For example, you would use the 


explosive weight in Serial 3 for a 112-mm barrel (23 pounds); Serial 4 
for a 152-mm barrel (38 pounds). 
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d 

a» | RCE 
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(2) Improvised Method. When block explosives are not available, destroy a gun with its own 
ammunition. Insert and seat one round in the muzzle end and a second charge, complete with 
propellant charge (if required), in the breach end of the tube. Fire the gun from a safe distance, 
using the gun's own mechanism. Use a long lanyard and ensure the firing party is under cover 
before firing the gun. 


b. Vehicles. To destroy friendly vehicles, refer to the applicable TM. Use the following 
priorities when destroying vehicle components: 

Priority 1. Carburetor, distributor, fuel pump or injectors, and fuel tanks and lines. 
Priority 2. Engine block and cooling system. 

Priority 3. Tires, tracks, and suspension system. 

Priority 4. Mechanical or hydraulic systems (where applicable). 

Priority 5. Differentials and transfer case. 

Priority 6. Frame. 

(1) Armored Fighting Vehicles (AFVs). Destroy AFVs beyond repair by detonating a 
25-pound charge inside the hull. The charge may be a bulk 25-pound charge or a number of smaller 
charges, placed on the driving, turret, and gun controls. To increase the amount of damage to the 
AFV, ensure the ammunition within the AFV detonates simultaneously with the other charges, and 
ensure all hatches, weapons slits, and other openings are sealed. If it is not possible to enter the 
AFV, place the charges under the gun mantle, against the turret ring, and on the final drive 


3-26). If explosives are not available, destroy the AFV by using antitank weapons or fire, or destroy 
the main gun with its own ammunition. 


(2) Wheeled Vehicles. 


(a) Explosives method. Destroy wheeled vehicles beyond repair by wrecking the vital parts 
with a sledgehammer or explosives. If high explosives are available, use 2-pound charges to destroy 
the cylinder head, axles, and frame. 


3-32 


FM 5-250 


(b) Improvised method. Drain the engine oil and coolant and run the engine at full throttle 
until it siezes. Finish the destruction by burning the vehicle (ignite the fuel in the tank). 


Figure 3-26. Placing charges on the AFV 
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Chapter 4 


Bridge Demolition 


Section I. Requirement 


4-1. Purpose of Bridge Demolition. The purpose of bridge demolitions is to create gaps in bridges 
by attacking key components of the bridge. This makes gaps large enough to make repair 
uneconomical and to force the enemy to construct other bridges on other sites. The minimum gap 
required must exceed the enemy’s assault bridging capability by 5 meters. For planning purposes, 
use 25 meters as the minimum gap size, but 35 meters is better. The gap may be less than 25 meters 
if enemy forces must depend on the demolished bridge components to bear their assault bridging 
and there is insufficient bearing capacity in the remains to carry the loads. 


4-2, Degree of Destruction. The complete demolition of a bridge usually involves the destruction 
of all the components (spans, piers, and abutments). Complete demolition may be justified when 
the terrain forces the enemy to reconstruct a bridge on the same site. However, complete destruction 
is not normally required to meet the tactical objective. Select the method of attack that achieves the 
tactical goal, with a minimum expenditure of resources. 


4-3. Debris. Debris may cause enemy forces serious delays if it obstructs the gap (Figure 4-1). 
Debris also provides excellent concealment for mines and booby traps. Whenever possible, 
demolish bridges in such a way that the resulting debris hinders reconstruction. 


Bridge before attack 


improper use of debris 


Proper use of debris 


Figure 4-1, Use of debris 
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Section II. Considerations 


4-4, Bridge Categories. The first step in any efficient bridge demolition is to categorize the bridge 

correctly. The term categorization has been adopted to avoid confusion with classification, which 

is concerned with the load-carrying capacity of bridges. The correct categorization of bridges, 
coupled with an elementary knowledge of bridge design, allows you to select a suitable attack 
method. All bridges fit into one of three categories: 


a. Simply Supported. In simply supported bridges, the ends of each span rest on the supports; 
there are no intermediate supports. The free-bearing conditions shown in Figure 4-2 represent any 
bearing that allows some horizontal movement (for example, roller bearings, sliding bearings, and 
rubber bearing pads). 


Single span 


Multispan Cr S LA Z i 


Multispan 


Figure 4-2. Simply supported bridges 


b. Miscellaneous. Miscellaneous bridges form a small proportion of bridge structures. The 
theoretical principles governing these bridges determine the appropriate methods of attack. 
Examples of bridges in this category are suspension, lift, and cable-stayed bridges. 


c. Continuous. If a bridge does not fit the miscellaneous category and is not simply supported, 
categorize it as a continuous bridge. Hence, continuous has a wider meaning than multispan, 
continuous-beam bridges, as is normally implied. 


4-5. Stages of Destruction. When designing a bridge demolition, the first priority is to create a 
gap. Accomplishing this may require one or two attacks. Further actions that improve the obstacle 
may follow, if the situation permits. 
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a. Minimum Conditions. There are two minimum conditions for successful bridge demolition: 


- You must design a proper collapse mechanism. 


- You must ensure the attacked span will be free to move far enough, under its own weight, 
to create the desired obstacle. 


(1) Condition 1. Under normal conditions, a bridge is a stable structure. In bridge demolitions, 
the goal is to destroy the appropriate parts of a bridge so that it becomes unstable and collapses 
under its own weight. In other words, you form a collapse mechanism. This may involve either 
cutting completely through all structural members or creating points of weakness in certain parts of 
the bridge. Figure 4-3 shows an improper collapse mechanism and the hinges that have not been 
formed. At times, making bridges unstable by attacking their piers rather than their superstructures 
is easier, but it is still possible for bridges not to collapse, even though they lost the support provided 
by one or more of their piers. To avoid this type of demolition failure, place the charges on the 
structural members of the superstructure, immediately above the piers being attacked. 


CARS 
iy > 


Figure 4-3. Improper collapse mechanism and hinges 


(2) Condition 2. Figure 4-4 shows a bridge demolition where the collapse mechanism has 
formed, but where, because the bridge span has jammed before moving far enough, it has failed to 
form the desired obstacle. To complete the demolition in this example, you need to remove only a 
small portion of the abutment to allow the span to swing down freely. 


AO \ R 
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Figure 4-4. Jammed bridge span 
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b. Types of Collapse Mechanism. Figures 4-5 through 4-7 illustrate the three basic collapse 
mechanisms. 


Xy 


Figure 4-6. Beam collapse mechanism 


c. Unsuccessful Bridge Demolitions. 
Two possible reasons for unsuccessful bridge 
demolitions are— 


(1) No-Collapse Mechanism. The 
formation of cantilevers (Figure 4-8) is a 
typical example of a no-collapse mechanism 
being formed. The likelihood of this occurring 
is high when attacking continuous bridges. 


(2) Jamming. The span, once moved by 
the collapse mechanism, jams before moving 
far enough to create the desired obstacle. The 
most likely causes of jamming are the 
formation of a three-pin arch or a cranked beam 
When attacking bridge spans, 


Figure 4-7. Member without support always consider the possibility of jamming 


collapse mechanism ; 
R | during bottom and top attacks. 
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Figure 4-8. Cantilever effect 
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Cranked beam 


Figure 4-9. Causes of jamming 


4-6. Bottom Attack. In the bottom attack, the hinge forms at the top. As the span falls, the cut 
ends at the bottom move outward. The span may form a three-pin arch and fail to fall completely 
if the distance the cut ends must move is greater than the total end clearance between the span ends 
and the pier or abutment faces (Figure 4-10). If a three-pin arch situation is likely, do not attempt 


a bottom attack. 
Lee 
d 
N à 


Figure 4-10. Three-pin arch effect 
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4-7. Top Attack. In a top attack, the 
hinge forms at the bottom. As the span 
falls, the cut ends at the top move 
inward. Some bridges may jam along 


AS A 

N p We the faces of the cut before the ends of the 
| M span have fallen off the abutments, 

S | forming a cranked beam (Figure 4-11). 

SS Uy, Ensure the length of span removed (L,) 


at the top is sufficient to prevent the 
formation of a cranked beam. 


4-8. Efficient Demolition Methods. 
N Y To ensure that a demolition achieves 

collapse with reasonable economy, 
N Vj, eier the factors required to ee 
| an efficient demolition. The best 
balance between these factors will 
depend on the particular demolition 


Figure 4-11. Cranked-beam effect under consideration. An efficient 
demolition should— 


a. Achieve the desired effect. 
b. Use the minimum amount of resources (time, manpower, and explosives). 


c. Observe the proper priorities. The demolition reconnaissance report must clearly state the 
priorities and separately list the requirements for Priority 1 actions and Priority 2 improvements 
(priorities are explained below). If a sufficient gap will result by attacking bridge spans, do not 
perform the Priority 2 improvements unless the report specifies complete destruction or an 
excessively long gap. If the total gap spanned by a bridge is too small to defeat enemy assault 
bridging, consider the site an unsuitable obstacle unless the gap can be increased. Your engineer 
effort may be better applied elsewhere. Alternatively, to improve an obstacle, it may be necessary 
to increase the gap by demolishing the abutments and building craters on the immediate approaches. 
In this case, you should also attack nearby bypass sites (place mines and craters). 


(1) Priority One. Create the desired obstacle. The minimum gap required is 5 meters greater 
than the enemy’s assault bridging capability. Ideally, accomplish the demolition with the first 
attempt. However, many reinforced- or prestressed-concrete bridges may require two-stage attacks. 
Attacking the friendly side of spans will permit economical reconstruction of the bridge at a later 
date, if necessary. 


(2) Priority Two. Make improvements to the gap. Perform this activity only when it is 
specified on the demolition reconnaissance report. When no reconnaissance report has been issued 
and time permits, perform improvements in the sequence specified below. Deviate from this 
sequence only under exceptional circumstances or when directed to do so by the responsible 
commander. The standard sequence of demolition is to- 
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(a) Destroy and mine the blown abutment. 
(b) 


(c) Blast craters and lay mines in likely approaches. 


Lay mines in likely bypasses. 


(d) Destroy the piers. 
4-9. Concrete-Stripping Charges. 


a. Description. Concrete-stripping charges are bulk, surface-placed charges designed for 
removing concrete from reinforced-concrete beams and slabs and exposing the steel reinforcement. 
Although these charges cause some damage to the reinforcing steel, you will not be able to predict 
the extent of this damage. These charges are effective against reinforced-concrete beams and slabs 
up to 2 meters thick. Figure 4-12 shows the effect of the concrete-stripping charge. Using the proper 
charge size for the thickness of the target will— 


- Remove all concrete from above the main reinforcing steel. 

- Remove all concrete from below the main reinforcing steel (spalling). 
- Damage the main reinforcing steel to some extent. 

e Destroy the minor reinforcing steel near the surface under the charge. 


Main reinforcement damaged 


Figure 4-12. Effect of concrete charge 


b. Charge Calculations (Simply Supported Bridges). For all simply supported concrete 
bridges, removing all concrete over a specified L.will cause collapse. For beam-and-slab bridge 


spans (T-beam and I-beam bridges), determine the charge sizes for the beams and slab separately. 
Example A-12| (page A-10) shows how to calculate beam-and-slab bridge charges. Use the 
ollowing procedure for determining charge sizes for simply supported spans: 
(1) Calculate the mass of the charge required: 
P =3.3(3.3 h + 0.5) (4-1) 
where— 


P = required charge size, in pounds per meter of bridge width. 
h = beam or slab plus roadway depth, in meters (minimum is 0.3 meters and maximum is 
2 meters). 
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(2) Calculate the width of the required ditch. The charge will produce a ditch across the width 
of the bridge. To determine the width of this ditch, use the following formula: 


Wa = 2 h + 0.3 (4-2) 
where- 


Wa= ditch width, in meters. 
h = overall roadway and beam or slab depth, in meters. 


(3) Compare the required Wa with the required L, and take the appropriate action: 


If Lis equal to or less than Wa, use one row of charges as specified by P. 
If L.is greater than Wa, but less than twice Wa, increase the size of charge by 10 percent. 
- If Lis twice Wa, double the charge and place them in two lines, side by side. 


(4) Place charges in a continuous line across the full width of the bridge at the point of attack. 
The shape of the end cross section of the charge should be such that the width is between one and 
three times the height. 


(5) Tamp the charges, if required. No tamping is required for the concrete stripping charge as 
calculated, but if tamping with two filled sandbags per pound of explosive is used, reduce the 
calculated mass of charge by one third. The width of ditch formed will remain the same as for the 
original mass of charge. 


Section III. Bridge Attacks 


4-10. Guidelines (Continuous and Simply Supported Bridges). There are a number of factors 


that will assist you inadequately differentiating simply supported bridges from continuous bridges. 
Figure 4-19 and the subparagraphs below describe these factors. 


a. Continuity. In simply supported bridges, the entire superstructure is composed of a span or 
multiple spans supported at each end. The main structural members (individual spans) meet end to 
end, and each intermediate pair of ends is supported by a pier. The single ends are supported by 
the abutments. In continuous bridges, the main structural members are formed into one piece and 
do not have breaks over the piers, if any are present. 


b. Construction Depth. In multispan, simply E bridges, the construction depth of the 
span may decrease at the piers. In continuous bridges, construction depth frequently increases at 
the piers. 


c. Flange Thickness (Steel-Girder Bridges). In simply supported, steel-girder bridges, the 
thickness of the flange frequently increases at midspan. In continuous bridges, the size of the flange 
frequently increases over the piers. 


d. Bearing. Multispan, simply supported bridges require two lines of bearing at the piers; 
continuous bridges require only one. 


e. Category Selection. The external appearance of a bridge can sometimes be deceptive. 
Whenever possible, consult construction drawings to ascertain the correct bridge category. If 
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drawings are not available and there is any uncertainty about the category to which the bridge 
belongs, assume the bridge is of continuous construction. Since more explosive is necessary to 
demolish a continuous bridge, assuming a continuous construction will provide more than enough 
explosive to demolish a bridge of unknown construction. 


f. Reconnaissance Procedures. To correctly use the tables in| Appendix H] decide whether the 
bridge is in the simply supported, continuous, or miscellaneous category, and follow the procedures 
outlined in the appropriate paragraph. 


Simply Supported Continuous 
Continuity [JT — à 1]DD[ 2 9? . |. |. 3 


Main structural members 
are continuous. 


Soren 
depth 


sa et J. JS 


Lm MS MC 


Construction depth may Construction depth 
decrease at piers. frequently increases 
at piers. 


Flange plates of 
steal plate girders So I! 


Flange plates BR, Flange plates frequent! 
thicken at midspan. thicken over leng and d 


sometimes at midspan. 
| L | Usually a single line of 
N : | N bearings at sach pier. 


Two bearings at 
intermediate piers. 


Figure 4-13. Span differences 
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4-11. Simply Supported Bridges. 


a. Categorization. Figure 4-14 is a categorization chart for simply supported bridges. Enter 
this chart from the left, and follow the lines and arrows across to the right. The path you select must 
include all categorization terms applicable to the simply supported bridge you plan to demolish. 
There are four main subcategories: steel beam, steel truss, concrete beam and slab, and bowstring. 
The first three are further subdivided into deck bridges, which carry their loads on top of the main 
structural members. When dealing with deck bridges, note the locations of bearing (supporting the 
top or bottom chord or flange), as this will influence the possibility of jamming. 


Steel 
| beam u 
Steel 
| truss u 
Concrete 


beam/slab 


Top 
support 


Deck 
bridge 


Bottom 
support 


= 


Figure 4-14, Categorization chart for simply supported bridges 


(1) Steel-Beam Bridges. Stell-beam bridges may be constructed of normal steel-beam, 
plate-girder, or box-girder spans. Figure 4-15 shows typical cross sections of these spans. 


Deck bridge 
Through bridge Plate girder 


Fbeams 


Deck bridge 


2d Mmi: Kg Stringers 


Cross girder 
Steel box girder 


Figure 4-15. Typical cross sections of steel-beam bridges 
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(2) Steel-Truss Bridges. Figure 4-16 shows the side elevations for three normal steel-truss 
spans. Note that all truss bridges have diagonal members in the trusses. 


(3) Concrete-Beam-and-Slab Simply supported, steel-truss through bridge 
Bridges. For categorization purposes, 
you will not need to distinguish 


rd 
between reinforced- and NUS - 
prestressed-concrete bridges, as the | BEN ZA 


methods of attack are the same for NS 7 
both. Figure 4-17 shows midspan SS Y 


Top chord 


cross-sectional views of these types of Simply supported, steel-truss deck bridge 
(bottom support) 


bridges. At midspan, the majority of 
steel reinforcing rods or tendons are 
located in the bottom portion of the 
superstructure. The attack methods 


detailed in| Appendix H take this 


reinforcing condition into account. 


(4) Bowstring Bridges. Note the Simply supported, steel-truss deck bridge 
following about bowstring bridges: (top support) 


(a) Features [Figure FIB](page 


4-12) shows the features of a normal 
bowstring bridge. Recognize that— 


The bow is in compression. 


The bow may be a steel Figure 4-16. Side elevation of steel-truss bridges 
beam, box girder, concrete 

beam, or steel truss. The bow's depth (thickness) is larger than or equal to the depth of 
the deck support members. 

The deck acts as a tie and resists the outward force applied by the bow. 

The deck is designed as a weak beam supported by the hangers. 


There is no diagonal bracing between the hangers. 


Voided slab b. Cy CS e? CY -0.6 to 2.0 m 


mon. NT. . 


29.80 00086 . 


2*4: 05 to 5.0 m 


00 | Steel 
900 reinforcing 


rods 
Figure 4-17. Midspan, cross-sectional views of typical concrete bridges 


Beam and slab 
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Bow (in compression) 


Deck (in tension) 


Figure 4-18. Normal bowstring bridge 


(b) Uses. Occasionally the bow and hangers are used to reinforce a steel-beam or-truss bridge. 
Categorize this type of bridge as a bowstring reinforced-beam or -truss bridge (Figure 4-19). In this 
type of bridge, the depth (thickness) of the bow will always be less than the depth of the deck support 
members. 


Figure 4-19, Bowstring reinforced-truss bridge 


(c) Pseudo-bowstring bridges. The bridge illustrated in Figure 4-20 is not a bowstring, but an 
arch bridge. Categorize this type of bridge as an arch bridge because the outward forces of-the arch 
(pseudo bow) are restrained primarily by the abutments, not the deck. 


Figure 4-20. Arch bridge (pseudo-bowstring bridge) 
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b. Reconnaissance. For simply supported bridges, use the following reconnaissance 
procedure: 


(1) Categorize the bridge. 


(2) Measure the bridge 
(Figure 4-21): 


(a) Length (L). Measure 


the length of the span to be | KK E = E; + Ez 
attacked, in meters. S 


NOTE: This distance is not 
the clear gap, but the length of 
the longitudinal members that 


E the deck from end to Figure 4-21. Measurements of simply supported spans 
end. 


_ La + isa 


Ls 2 


(b) Depth (H). Measure the depth of the beam, truss, or bow, in meters (include the deck with 
the beam or truss measurement). 


(c) Total end clearance (E). Total the amount of end clearance at both ends of the span, in 
meters. 


(d) Average length of the bearing supports (L,). Measure the average length of the bearing 
supports from the ends of the spans to the faces of the abutments or piers, in meters. 


(3) Determine the attack method} (Appendix H) 


(4) Determine the critical dimensions of the span required for charge calculations. 
c. Attack. Two considerations apply when attacking a simply supported span: 
(1) Point of Attack. Attack simply supported bridges at or near midspan, because— 


Bending moments are maximum at midspan. 
The likelihood of jamming during collapse is reduced if the bridge is attacked at midspan. 


(2) Line of Attack. Make the line 
of attack parallel to the lines of the 
abutments (Figure 4-22). Doing this 
reduces the risk that the two parts of the 
span will slew in opposite directions and 
jam. Do not employ any technique that 
induces twist in the bridge. If the line of 
attack involves cutting across transverse 
beams, reposition the line of attack to cut 
between the transverse beams. 


Figure 4-22. Line of attack 
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d. Attack Methods. [Table H-3|(page H-3) lists in recommended order, attack methods likely 
to produce the most economical demolition, by bridge category. Within each category are variations 
to accommodate differences in construction materials, span configurations, load capacities (road, 
rail, or both), and gap and abutment conditions. The three recommended ways of attacking simply 
supported spans are bottom, top, and angled attacks. In all cases, ensure jamming cannot occur 
during collapse. 


(1) Bottom Attack. Use the bottom attack whenever possible, as it leaves the roadway open 
and enables you to use the bridge, even when the demolitions are at a ready-to-fire state (State 2). 
Reinforced and prestressed (tension) beams are very vulnerable to bottom attack, as the steel cables 
and reinforcing bars run along the bottom portion of the beam and are thus covered by less concrete. 
The major disadvantages of the bottom attack are the increased amount of time and effort necessary 
for placing and inspecting the charges. Because it is generally impracticable to place sufficient 
explosive below a reinforced or prestressed slab to guarantee a cut deeper than 0.15 meters, used 
the top or angled attacks listed in[Table H-3 (page H-3) for these types of bridges, When Tale H3 
(page H-3) lists a bottom attack, determine the required end clearance (ER) fro (page 
H-1) to prevent jamming. If the total end clearance (E) is greater than En, jamming will not occur. 


If E is less than En, use a top or angled attack or destroy one abutment at the places where jamming 
would occur. [Example A-13 (page A-12), explains the method for bottom attack calculations. 


(2) Top Attack. When|Table H-3 H-3 (page H-3) lists a top attack, L.must be removed from the 
Table H-2 


top of the bridge to prevent jamming. Determine L.fro (page H-2). Remove Lin a 
V-shaped section along the full depth of the target. For reinforced-concrete bridges, use a 
concrete-stripping charge [paragraph 4 pago 4-7) to remove L.from the top of the bridge. This 
action, by itself, should cause collapse. There is no requirement to cut steel reinforcing rods. 
(page A-13) shows the method for top attack calculations. 
(3) Angled Attack. For angled attacks, 
cut all members (span, hand-rails, service L 
pipes, and so forth) of the bridge. Make the | | 
angle of attack approximately 70 degrees to the 
horizontal to prevent jamming. The location 
of the charge should be between the midspan 
point and a point L/3 from the end (Figure 4-23). | 
Although an angled attack is effective on any " 
type of bridge, it is essential when the bridge | | 
must be kept open to traffic, or when there is Cut between 44 span and midspan 


ample time to prepare demolitions. 


4-12. Continuous Bridges. Figure 4-23. Location of angled charge 


a. Categorization] Figure 4-24]is a categorization chart for continuous bridges. Use this chart 


like the chart for simply supported bridges. There are six main subcategories: cantilever, cantilever 
and suspended span, beam or truss, portal, arch, and masonry arch. The first five categories 
differentiate between steel and concrete construction, as each material has a different attack method. 
If a continuous bridge is of composite construction (for example, steel beams supporting a 
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reinforced-concrete deck), the material that comprises the main, longitudinal load-bearing members 


will determine the attack method. 


Cantilever 
and 
suspended 
span 


With short 
side span 


Without 


short 
side span 


Open 
spandrel 


Figure 4-24. Continuous-bridges categorization chart 


Fixed 
footing 


Planned 
footing 


(1) Cantilever Bridges. A cantilever bridge|(Figure 4-25) page 4-16) has a midspan shear joint. 
Note that the full lengths of the anchor spans may be built into the abutments, making the cantilever 


difficult to identify. 


(2) Cantilever and Suspended-Span Bridges. If a cantilever bridge incorporates a suspended 
span (Figure 4-26} page 4-16) that is at least 5 meters longer than the enemy assault bridging 
capability, attack this section of the bridge; attacking this section requires less preparation. Because 
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suspended spans are simply supported, use the attack method described for simply supported bridges 
Table H-3/page H-3). 


Suspended span 


Shear joint 


Suspended span 


Shear joint 


á 


Figure 4-25. Cantilever bridges Figure 4-26. Cantilever and suspended 
span bridges 
(3) Beam or Truss Bridges. For beam or truss bridges (Figures 4-27 through[4-29), differentiate 
between those bridges with spans of similar lengths and those with short side spans because this 
affects the attack method. A short side span is one that is less than three quarters of the length of 
the next adjacent span. 


Figure 4-27. Steel-beam bridge without short side span 


4-16 


FM 5-250 


` ' VN R MA TR RES 
AE VAR AY 


T igure 4-29. Steel-truss bridge with short side span 


(4) Portal Bridges. For portal bridges (Figure 4-30), differentiate between those with fixed 
footings and those with pinned footings, as this affects the attack method. If you cannot determine 
the type of footing, assume fixed footings. Portal bridges, as opposed to arch bridges, lack a smooth 


curve between the bearing point of the span and the span itself. 


Pinned Footing Shear joint 


Pinned Footing 
Wall may hide bearing. 


Figure 4-30. Typical portal bridges 
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(5) Arch Bridges. In arch bridges (Figure 4-31), determine whether the bridge has an open or 
solid spandrel and fixed or pinned footings. Again, when in doubt, assume fixed footings. 


Fixed Footing 


TITI Ta. 


Pinned 
Footing 


Figure 4-31. Arch bridges 


(6) Masonry Arch Bridges. Identify masonry arch bridges (Figure 4-32) by their segmental 
arch ring. However, it is easy to mistake a reinforced-concrete bridge for a masonry-arch bridge 
because many reinforced-concrete bridges have masonry faces. Always check the underside of the 
arch. The underside is rarely faced on reinforced-concrete bridges. 


= # 


a a d % 
Figure 4-32. Masonry arch bri dge 
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b. Reconnaissance. For continuous bridges, use the following reconnaissance procedure: 
(1) Categorize the bridge. 
(2) Measure the bridge 


(Figure 4-33): g —— ——Ó 

(a) Length (L). 
Measure the span you plan to 
attack, in meters (between 
centerlines of the bearings). 


(b) Rise (H). For arch 
and portal bridges, measure 
the rise, in meters (from the 
springing or bottom of the 
support leg to the deck or top 
of the arch, whichever is 
greater). 


(c) Determine the attack method from| Appendix H| 


(d) Determine the critical dimensions necessary for charge calculations. 


Figure 4-33. Measurements of continuous bridges 


c. Bridge Attacks. As with simply supported spans, two considerations apply when attacking 
continuous spans: the point of attack and line of attack. No common point-of-attack rule exists for 
all categories of continuous bridges, but the line-of-attack rule applies to all continuous bridges. 
That is, the line of attack must be parallel to the lines of the abutments, and twisting must not occur 
during the demolition. If the recommended line of attack involves cutting across transverse beams, 
reposition the line to cut between adjacent transverse beams [Table H 4 (page H-7) lists attack 
methods for continuous spans. 


(1) Steel Bridges. When attacking continuous-span steel bridges, use the see-saw or 
unsupported-member collapse mechanism. Both mechanisms produce complete cuts through the 
span. Providing you can properly place charges, you may be able to demolish these bridges with a 
single-stage attack. However, on particularly deep superstructures (concrete decks on steel beams), 
charges designed to sever the deck may not cut through all of the reinforcing steel. Therefore, during 
reconnaissance, always plan for the possibility of a two-stage attack on deep, composite 
superstructures. Make angle cuts at about 70 degrees to the horizontal to prevent jamming during 
collapse. 


(2) Concrete Bridges. Continuous concrete bridges are the most difficult to demolish and hence 
are poor choices for reserved demolitions. Even when construction drawings are available and there 
is ample time for preparation, single-stage attacks are rarely successful. Consider using a bottom 
attack for this bridge type. 


(3) Arch and Portal Bridges. For arch bridges and portal bridges with pinned footings, collapse 
can be guaranteed only be removing a specified minimum span length. Determine this minimum 
length b using Table 4-1 ( (page 4-20) and the L and H values determined by reconnaissance. 

Lem ey eT Example A-15|(page A-14) explains e method for arch bridge attack calculations. 
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Table 4-1. Minimum Lç values for arch and pinned-footing bridge attacks 


mpm pm RI 
[om [om [oom [oom [om 


. = values in this table are based on the following formula: 
Le. 1 pi LO e 


2. If the result of El is not on the chart exactly as calculated, round UP to the next higher value on the 


chart. For example, if ae 0.089, use the column headed 0.10 to determine ni In this case, n = 0.02. 


Multiply the Le value by L to get Lc. For example, 0.02 x L= Le. 


4-13. Miscellaneous Bridges. 


a. Suspension-Span Bridges. Suspension-span bridges usually span very large gaps. These 
bridges have two distinguishing characteristics: roadways carried by flexible members (usually 
wire cable) and long spans (Figure 4-34). 


sun 
4 


Figure 4-34, Suspension-span bridge 


(1) Components. The components of suspended-span bridges are cables, towers, trusses or 
girders, and anchors. Suspension-bridge cables are usually multiwire-steel members that pass over 
the tower tops and terminate at anchors on each bank. The cables are the load-carrying members. 
(The Golden Gate bridge has 127,000 miles of wire cable of this type.) The towers support the 
cables. Towers may be steel, concrete, masonty, or a combination of these materials. The trusses 
or girders do not support the load directly; they only provide stiffening. Anchors hold the ends of 
the cables in place and may be as large as 10,000 cubic feet. 
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(2) Demolishing Methods. 


(a) Major bridges. Anchors for major suspension bridges are usually too massive to be 
demolished. The cables are usually too thick to be effectively cut with explosives. The most 
economical demolition method is to drop the approach span or a roadway section by cutting the 
suspenders of the main or load-bearing cables. The enemy’s repair and tactical bridging capabilities 
determine the length of the target section. When reinforced-concrete towers are present, it may be 
feasible to breach the concrete and cut the steel of the towers. 


(b) Minor bridges. The two vulnerable points on minor suspension bridges are towers and 
cables. Use the following methods: 


Towers. Destroy towers by placing tower charges slightly above the level of the roadway. 
Cut a section out of each side of each tower. Place the charges so that they force the ends 
of the cut sections to move in opposite directions, twisting the tower. Doing this will 
prevent the end of a single cut from remaining intact. Demolition chambers, provided 
in some of the newer bridges, make blasting easier, quicker, and more effective. 


- Cables. Destroy the cables by placing charges as close as possible to anchor points, such 
as the top of towers. Cables are difficult to cut because of the air space between the 
individual wires in the cable. Ensure the charge extends no more than one half the cable’s 
circumference. These charges are usually bulky, exposed, and difficult to place. Shaped 
charges are very effective for cable cutting. 


b. Movable Bridges. These bridges have one or more spans that open to provide increased 
clearance for waterway traffic. The three basic types of movable bridges are swing-span, bascule, 
and vertical-lift. The characteristics of these bridges are described in the next paragraphs. 


(1) Swing-Span Bridges. 


(a) Characteristics. A swing span is a continuous span capable of rotating on a central pier. 
The arms of a swing-span bridge may not be of equal length. If the arms are not of equal length, 
weights are added to balance them. Rollers that run on a circular track on top of the central pier 
carry the span’s weight. The swing span is independent from any other span in the bridge. Identify 
a swing-span bridge by its wide, central pier. This central pier is much wider than the one under a 
continuous-span bridge that accommodates the rollers and turning mechanism (Figure 4-35). 
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(b) Demolition methods. Because swing-span bridges are continuous bridges, use an attack 
method from the continuous bridge section in Appendix H.|For partial demolition, open the swing 
span and damage the turning mechanism. 


(2) Bascule Bridges. 


(a) Characteristics. Bascule bridges are more commonly known as drawbridges. These 
bridges usually have two leaves that fold upward (Figure 4-36), but some bascule bridges may have 
only one leaf (Figure 4-37). The movable leaves in bascule bridges appear in three general forms: 
counterweights below the road level (most modem), counterweights above the road level (older 
type), and no counterweights (lifted by cable or rope; oldest type; usually timber). 


Figure 4-36. Double-leaf bascule bridge Figure 4-37. Single-leaf bascule bridge 
(b) Demolition methods. Demolish the cantilever arms with an attack method appropriate for 
simply supported bridges. For partial demolition, open the bridge and jam or destroy the lifting 
mechanism. 


(3) Vertical-Lift Bridges. 


(a) Characteristics. These bridges have simply supported, movable spans that can be raised 
vertically in a horizontal position. The span is supported on cables that pass over rollers and connect 
to large, movable counterweights (Figure 4-38). 


(b) Demolition methods. Demolish the movable span with an attack method appropriate for 
simply supported bridges. Another method is to raise the bridge and cut the lift cables on one end 
of the movable span. The movable span will either wedge between the supporting towers or fall 
free and severely damage the other tower. 


À 


A 
X 


S 
N 


Figure 4-38. Vertical-lift bridge 
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(4) Floating Bridges. Floating bridges 
consist of a continuous metal or wood 
roadway supported by floats or pontoons 
(Figure 4-39). 


(a) Pneumatic floats. Pneumatic floats 
are airtight compartments of rubberized 
fabric inflated with air. For hasty attack of 
these bridges, cut the anchor cables and bridle 
lines with axes and the steel cables with 
explosives. Also, puncture the floats with 
small-arms or machine-gun fire. Using 
weapons to destroy the floats requires a Figure 4-39. Floating bridge 
considerable volume of fire because each 
float has a large number of watertight compartments. Another method is to make a clean cut through 
the float, using detonating cord stretched snugly across the surface of the pontoon compartments. 
One strand of cord is enough to cut most fabrics, but two strands may be necessary for heavier 
materials. Also, place one turn of a branch-line cord around each inflation valve. This will prevent 
the raft from being reinflated if it is repaired. Do not use main-line cords to cut valves because the 
blast wave may fail to continue past any sharp turn in the cord. 


b) Rigid pontoons. Rigid pontoons are made of various materials: wood, plastic, or metal. To 
destroy these bridges, place a %-pound charge on the upstream end of each pontoon at water level. 
Detonate all charges simultaneously. If the current is rapid, cut the anchor cables so that the bridge 
will be carried downstream. Another method is to cut the bridge into rafts. Place %-pound charges 
at each end of each pontoon and detonate them simultaneously. To destroy metal treadways on 
floating bridges, use the steel-cutting formula (paragraph 3-6,|page 3-8). The placement and size 
of the charges depend on bridge type. Typically, placing cutting charges at every other joint in the 
treadway will damage the bridge beyond use. 


(5) Bailey Bridges. To destroy these bridges, place l-pound charges between the channels of 
the upper and lower chords. Use %-pound charges for cutting diagonals and l-pound charges for 
cutting sway bracing (Figure 4-40). 


1 lb between 


1 lb charges on | 28 1 Ib between 
sway bracing 4 channels 


Figure 4-40. Bailey bridge demolition 
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(a) In-place demolitions. Cut the bridge in several sections by attacking the panels on each 
side, including the sway bracing. The angle of attack should be 10 degrees to the horizontal to 
prevent jamming. In double-story or triple-story bridges, increase the charges on the chords at the 
story-junction line. For further destruction, place charges on the transoms and stringers. 


(b) In-storage or-stockpile demolition. When abandoning bridges in storage, do not leave any 
component the enemy can use as a unit or for improvised construction. Do this by destroying the 
essential components that the enemy cannot easily replace or manufacture. Panel sections fulfill 
the role of essential components. To render the panel useless, remove or distort the female lug in 
the lower tension chord. Destroy all panels before destroying other components. 


Section III. Abutments and Intermediate Supports 


4-14. Abutments. To demolish abutments, place charges in the fill behind the abutment. This 
method uses less explosive than external breaching charges and also conceals the charges from the 
enemy. The disadvantage is the difficulty in placing the charges. When speed is required, do not 
place charges behind abutments if you know the fill contains large rocks. 


a. Abutments (5 Feet Thick or Less). Demolish these abutments by placing a line of 40-pound 
cratering charges, on 5-foot centers, in boreholes 5 feet deep, located 5 feet behind the face of the 
abutment (triple-nickel-forty method). Place the first hole 5 feet from either end of the abutment 
and continue this spacing until a distance of 5 feet or less remains between the last borehole and the 
other end of the abutment If the bridge approach is steep, place the breaching charges 
against the rear of the abutment. Determine the number of 40-pound cratering charges as follows: 

W 


= 5 -1 (4-3) 


where— 


N = number of charges; round UP to next higher whole number. 
W = abutment width, in feet. 


b. Abutments (Over 5 Feet Thick). Destroy these abutments with breaching charges in contact 
with the back of the abutment. Calculate the amount of each charge using the breaching formula 
in equation 3-6 (page 3-16). Use the abutment thickness as the breaching radius. Determine the 
number of charges and their spacing using equation 3-7 (page 3-19). Place charges at lea 
feet below the bridge seat (where the bridge superstructure sits on the abutment) 


c. Abutments (Over 20 Feet High). Demolish these abutments by placing a row of breaching 
charges at the base of the abutment on the gap side, in addition to the charges specified in paragraphs 
4-14a or 4-14b above. Fire all charges simultaneously. This method tends to overturn and 
completely destroy the abutment. 


d. Wing Walls. If the wing walls can support a rebuilt or temporary bridge, destroy the wing 
walls by placing charges behind them in the same manner as for abutments|(Figures 4-41| and|4-42) 
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Figure 4-42. Abutment destruction (over 5 feet thick) 
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4-15. Intermediate Supports. Demolish concrete and masonry piers with internal or external 
charges (Figure 4-43). 


T T E dc External 


Square 
charges 


a 


= External 
E charges 


igure 4-43. Placing charges on intermediate supports 


a. Internal Charges. These charges require less explosive than do external charges. However, 
unless the support has built-in demolition chambers, this method requires an excessive amount of 
equipment and preparation time. Use equation 3-6 (page 3-16) to determine the amount of each 
charge. MI12 (C4) is ideal for internal charges. Thoroughly tamp all charges of this type with 
nonsparking tools (blunt, wooden tamping sticks or similar tools). If the support has demolition 
chambers, place the charges in boreholes created with shaped charges or drilled with pneumatic or 
hand tools. A 2-inch-diameter borehole holds approximately 2 pounds of explosive per foot of 
depth. The steel reinforcing bars, however, make drilling in heavily reinforced concrete impractical. 


b. External Charges. Place these charges at the base of the pier or higher, and do not space 
the charges by more than twice the breaching radius. Stagger the charges to leave a jagged surface 
to hinder future use. Thoroughly tamp all external charges with earth and sandbags, if time, size, 
shape, and location of the target permit. 
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Chapter 5 


Demolition Operations 


This chapter implements STANAG 2017 (ENGR), 


STANAG 2123 (ENGR), QSTAG 508, and QSTAG 743. 


Section I. Demolition Plan 


5-1. Demolition Obstacles. Although engineers use explosives for quarrying, land clearing, and 
other projects, their most important military application is creating demolition obstacles. Engineers 
use demolition obstacles in conjunction with many other types of obstacles, including mines. They 
also use explosives to destroy materiel and facilities that must be abandoned (denial operations). 


5-2. Barriers and Denial Operations. Division or higher-echelon commanders normally direct 
the use of extensive barriers and denial operations. Commanders must carefully prepare and closely 
coordinate these operations with all tactical plans. Engineer units provide technical advice and 
supervision, estimate the resources necessary for obstacle construction, construct barriers or 
obstacles, and recommend allocation of engineer resources. They usually construct demolition 
obstacles because they have the special skills and equipment to accomplish these tasks. 


5-3. Demolition Planning. Base any demolition project on careful planning and reconnaissance. 
Use the following factors as a basis for selecting and planning demolition projects: 

- Mission. 

* Limitations and instructions from higher authority. 


Current tactical and strategic situation and future plans (conditions that indicate the length 
of time you must delay the enemy, the time available for demolition, and the extent of 
denial objectives). 


- Enemy capabilities and limitations, as well as the effect our denial operations have on 
enemy forces, strategically and tactically. 


Likelihood that friendly forces may reoccupy the area, requiring obstacle neutralization. 
- Economy of effort. 

Time, material, labor, and equipment available. 
« Effect on the local population. 

Target protection required. 
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Section II. Types of Military Demolitions 


5-4. Demolition Orders. The authorized commanders use the Orders for the Demolition to pass 
their orders to demolition guards and demolition firing parties. The Orders for the Demolition, as 
outlined in STANAG 2017 and QSTAG 508, is a standard four-page form used by North Atlantic 
Treaty Organization (NATO) and ABCA countries. Use this form for preparing all reserved and 
preliminary demolitions. Page one of the form contains the instructions, duties, and responsibilities 
demolition personnel. A sample of the orders is included in the sample target folder in| Appendix 
F (page F-4). 


5-5. Preliminary Demolitions. 


a. Purpose. Provided you have prior authority, detonate a preliminary demolition immediately 
after preparation. These demolitions present fewer difficulties to both commanders and engineers 
than do reserved demolitions. Commanders may restrict preliminary demolitions for tactical, 
political, or geographical reasons. 


b. Advantages. The advantages of a preliminary demolitions are— 


Engineers normally complete each task and move to the next without having to leave 
demolition guards or firing parties at the site. 


Preparation efforts are less subject to interference by enemy or friendly troops. 
Elaborate precautions against failure are not required; preliminary demolitions require 
only single-firing systems. 

Engineers can perform the demolition operations for a particular target in stages rather 
than all at once. 


c. Progressive Preparation. When preparation time is limited, engineers prepare the 
demolition in progressive stages. Doing this gives engineers the ability to create effective obstacles 
even if preparations must stop at any stage. For example, in the case of a bridge demolition, 
engineers would make one span the top priority, completely preparing it before continuing with 
other spans, piers, or abutments. As they complete other stages, engineers incorporate them into 
the firing system. 


5-6. Reserved Demolitions. 


a. Purpose. The responsible commander must carefully control a reserved demolition target 
because the target may be a vital part of the tactical or strategical plan or because the demolition 
will be performed in the face of the enemy. 


b. Considerations. Occasionally, errors in orders, control, or timing cause serious 
consequences during demolition operations. In addition, engineers may encounter special problems 
when dealing with reserved demolition targets: 


Engineers must usually keep traffic lanes open until the last moment. This normally 
means they cannot use the simplest and quickest demolition techniques to accomplish 
the mission. 
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* The demolitions must be weatherproof and protected from traffic vibrations and enemy 
fire over long periods. Use dual firing systems, and carefully place and protect the 
demolitions from passing vehicles or pedestrians. 


« A guard must remain at the demolition site until the demolitions are fired. 
c. States of Readiness. 


(1) State of Readiness 1 (Safe). The demolition charges are in place and secure. Vertical and 
horizontal ring mains are installed page 2-27) but are not connected. Charges are 
primed with detonating-cord knots or wraps to minimize the time necessary to convert the system 
from State of Readiness 1 to State of Readiness 2. Charges that require blasting caps for priming 
cannot be primed at State of Readiness 1 nor can branch lines with E crimped to them be 
connected to ring mains. Blasting caps and initiation sets are not attached to charges or firing 
systems. 


(2) State of Readiness 2 (Armed). All vertical and horizontal ring mains are connected. 
Blasting caps are inappropriate charges and initiation sets are connected to ring mains. All charges 
and firing systems are complete and ready for detonation. The demolition is ready for immediate 
firing. 

d. Responsibilities. 

(1) Authorized Commanders. These commanders have overall responsibility for the 
operational plan. At any stage of the operation, they may delegate responsibilities. For example, 
when authorized commanders withdraw through other units’ intermediate positions, they normally 
pass control to the commanders holding the intermediate positions. The commanders holding the 
intermediate positions then become the authorized commanders. Authorized comrnanders— 

« Designate demolition targets as reserved targets. 

* Order the demolition guard, detailing the strength and composition of the guard party. 
- Specify the state of readiness and order changes to the state of readiness, if necessary. 
+ Give the orders to fire demolitions. 


- May give the demolition guard or the firing-party commander the authority, in case of 
imminent capture, to fire the demolition on his own initiative. 


- Destroy captured or abandoned explosives and demolition materials to prevent them from 
falling into enemy hands. Commanders should carefully select the demolition site and 


consider all safety precautions necessary when destroying abandoned demolitions. 
[Chapter 6, Section IV (page 6-13), covers procedures and methods for destroying 
explosives. 


- Issue the written instructions (demolition orders) to the unit providing the demolition 
guard and firing party. 


« Notify all headquarters of any delegation of authority or reclassification of any demolition 
from a reserved to a preliminary status. 


- Establish effective channels for communicating firing orders and readiness states to 
demolition guard commanders or firing-party commanders. 
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(2) Demolition Guard Commanders. These commanders are normally the infantry or armor 
task-force commanders who control the target area. These commanders— 


- Command all troops and firing parties at reserved demolitions. 


Provide protection for reserved demolitions, firing parties, and targets. 
Control all traffic over or through targets. 


« Pass written state-of-readiness orders to commanders of demolition firing parties, includ- 


ing changes to these orders. 


Keep authorized commanders informed of the status of preparations, targets, and opera- 
tional situations at sites. 


Pass written firing orders to demolition firing-party commanders to fire demolitions. 


- Report results of demolitions to authorized commanders. 


Maintain succession (chain of command) lists for appointment to demolition guard 
commander and demolition firing-party commander. 


(3) Firing-Party Commanders. These commanders are normally officers or noncommissioned 
officers (NCOs) from the engineer unit that prepared the demolitions. They supervise the preparing, 
charging, and firing of the demolition. Firing-party commanders— 


- Maintain the state of readiness specified by authorized commanders and advise demoli- 


tion guard commanders of the time requirements for changing states of readiness and 
completing obstacles. 


- Fire demolitions when ordered by the authorized commander, and ensure demolitions 


are successful and complete. 


Report the results of demolitions to demolition guard commanders or, if none, to the 
authorized commanders. 


Report the results of demolitions up the engineer chain of command and complete Section 
5, pages 33 through 36, of the obstacle folder, if issued. 


- Maintain succession (chain of command) lists for appointment as demolition firing-party 


commander should the initial commander become injured. 


e. Command and Control of Reserved Demolitions. 


(1) Command Post. Ideally, the demolition guard commander should place his command post 
where he can best control the defense of the demolition target from the friendly side. This location 
may conflict with the requirements of the demolition firing point, which should be close to or 
collocated with the command post. Usually, some compromise is necessary. 


(2) Firing Point. The firing point is normally as close to the target as safety allows. The firing 
point must protect the firing party from the effects of blast and falling debris and be positioned so 
that the demolition firing-party commander is— 


- Easily accessible to the demolition guard commander for receiving orders. 
« In close contact with the firing party. 
- Able to see the entire target. 
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(3) Alternate Positions. The demolition guard commander should designate an alternate 
command post and firing point, if possible. The firing party should be able to fire the demolitions 
from either the primary or alternate firing points. 


(4) Check Point. When units are withdrawing from a enemy advance, identification can be a 
problem. Withdrawing troops are responsible for identifying themselves to the demolition guard. 
The demolition guard must always establish and operate a check point. The demolition guard 
commander may use military police to perform this duty. Good communication is essential between 
the check point and the demolition guard commander. Each unit withdrawing through the 
demolition target should send a liaison officer to the checkpoint, well in advance of the withdrawing 
unit’s arrival. 


(5) Refugee Control Points. The demolition guard commander may need to establish and 
operate a refugee control point for civilian traffic. He should place a check point on the enemy bank 
and a release point on the friendly bank to control refugees. The commander may use military or 
local police to operate the control points. The personnel operating the check points should halt 
refugees off the route and then escort them, in groups, across the target to the release point. Refugees 
must not interfere with the movement of withdrawing forces or demolition preparations. 


Section III. Demolition Reconnaissance 


5-7. Reconnaissance Orders. Thorough reconnaissance is necessary before planning a demolition 
operation. Reconnaissance provides detailed information in all areas related to the project. Prior 
to conducting any reconnaissance, the reconnaissance-party commander must receive clear 
objectives. The reconnaissance order specifies these objectives. This information helps the 
reconnaissance party to determine the best method of destroying the target and to estimate the 
preparation time required. For example, if the reconnaissance party knows that manpower and time 
are limited but explosives are plentiful, they may design demolitions requiring few men and little 
time but large quantities of explosives. These orders should detail the reconnaissance party to 
determine the following: 


Location and nature of the target. 


Purpose of the demolition operation (for example, to delay an enemy infantry battalion 
for three hours). 


* Proposed classification of the demolition (reserved or preliminary). 
Type of firing system desired (dual or single). 
Economy of effort (whether the demolition must be completed in one stage or multiple 
stages). 
Utility of the target during demolition operations (whether the target must remain open 
to traffic during demolition preparations). 


- Amount of time allowed or expected between preparation and execution of the demolition 
operation. 


Amount of time allowed for changing the state of readiness (Safe to Armed). 
e Labor and equipment available for preparing the demolitions. 
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+ Types and quantities of explosives available. 


5-8. Reconnaissance Record. The reconnaissance party reports the results of their reconnaissance 
on DA Form 2203-R. Use the form with appropriate sketches, to record and report the 
reconnaissance of military demolition projects. Appendix F contains a sample of DA Form 2203-R 
[Figure F2 pages F-38 through F-42) and instructions to complete it. For sketches, use available 
paper and attach to the completed DA Form 2203-R. 


a. Purpose. When time and conditions permit, use this report as the source document for 
preparing the obstacle folder. If the obstacle folder is not available, use this report in its place. In 
certain instances the report may require a security classification. 


b. Information Required. DA Form 2203-R should contain the following: 


- A bill of explosives that shows the quantities and types required. 

- A list of all equipment, including transportation, required for the demolition operation. 

- An estimate of time and labor required for preparing the demolitions and placing the 
charges. 

- À time and labor estimate for arming and firing the charges. 

- Atime, labor, and equipment estimate to complete any required bypass. Specify the 
bypass location and method. Include details for any supplementary obstacles required. 

- A situation sketch showing the relative position of the target, terrain features, and 
coordinates of the target. 

- A list of all unusual site characteristics. Indicate the location of these unusual charac- 
teristics on the situation sketch. 

- Plan and elevation (side-view) sketches of the target, showing overall dimensions, lines 
of cut, and demolition chambers. 

- Plan and elevation sketches of each member targeted, detailing dimensions, chambers, 
quantity of explosives, lines of cut, charge locations, and priming and initiation methods. 

+ A sketch showing firing circuits and firing points. 


Section IV. Obstacle Folder 


5-9. Purpose. The obstacle folder, as outlined in STANAG 2123 and QSTAG 743, provides all 
of the information necessary to complete a specific demolition operation. NATO and ABCA 
personnel use this booklet to collect information and to conduct demolition operations. The 
responsible commander should prepare an obstacle folder during peacetime for all preplanned 
targets to allow for efficient demolition operations. Prepare obstacle folders for reserved and 
preliminary demolitions. The obstacle folder is not normally used in tactical situations because the 
detailed information in the obstacle folder, including multiple languages, is not easily completed 
under field or tactical conditions. A sample obstacle folder is included in the sample target folder 


in[Appendix F (page F-4). 


5-10. Language. Since not all NATO and ABCA personnel speak the same language, obstacle 
folders must be multilingual. The preparing unit may speak a different language than the unit 
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actually conducting the demolition operation. Therefore, it is essential to prepare the obstacle folder 
in more than one language. However, prepare map notes, plans, sketches, and so forth, in one 
language, and provide translations for the other languages in the available space. Use the following 
guidelines when determining the languages necessary in an obstacle folder: 


« Languages of the units involved in the demolitions. 
- Language of the host nation. 
« One of the two official NATO languages (English or French). 


5-11. Contents. The obstacle folder contains six parts for recording information. Additional 
information may be noted in the appropriate place within the obstacle folder and then inserted as 
an additional page immediately following the notation (for example, "see page 4a"). The six parts 
of the obstacle folder are— 


- Location of target (pages 1-5). 

- Supply of explosives and equipment (pages 6-17). 

* Orders for preparing and firing (pages 18-28). 

- Hand-over and take-over instructions (pages 29-32). 
- Demolition report (pages 33-37). 

- Official signature (page 38). 


5-12. Special Instructions. The list of explosives, stores, and mines required (paragraph 2d, pages 
14 and 16 of the obstacle folder) does not cover every possible situation. However, it does indicate 
a logical order for recording or determining the required materials. Mark only the materials required 
for your particular target. The transport team leader uses the first list. For major operations, note 
the size, composition, and mission of the various work parties participating in paragraph 3a, 
subparagraph 5. Paragraph 3a, subparagraph 6 concerns only nuisance or protective mine fields 
laid to protect the demolition target and does not apply to tactical (barrier) mine fields. Complete 
paragraph 5 of the Demolition Report upon completion of the demolition. The firing party 
commander may detach the first copy of the demolition report (pages 33-37) and forward it to a 
higher-echelon engineer headquarters. 
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Chapter 6 
Demolition Safety 


Section I. General Safety 


6-1. Considerations. 


Do not attempt to conduct a demolitions mission if you are unsure of demolition 
procedures; review references or obtain assistance. 


Prevent inexperienced personnel from handling explosives. 

Avoid dividing responsibility for demolition operations. 

Use the minimum number of personnel necessary to accomplish the demolitions mission. 
Take your time when working with explosives; make your actions deliberate. 

Always post guards to prevent access inside the danger radius. 

Always maintain control of the blasting machine or initiation source. 


Use the minimum amount of explosives necessary to accomplish the mission while 
keeping sufficient explosives in reserve to handle any possible misfires. 


Maintain accurate accountability of all explosives and accessories. Always store blasting 
caps separately and at a safe distance from other explosives. 


Ensure all personnel and equipment are accounted for prior to detonating a charge. 


Ensure you give warnings before initiating demolitions; give the warning “Free in the 
hole!” three times. 


Always guard firing points. 

Assign a competent safety officer for every demolition mission. 

Dual initiate all demolitions, regardless of whether they are single-or dual-primed. 
Avoid using deteriorated or damaged explosives. 

Do not dismantle or alter the contents of any explosive material. 

Avoid mixing live and inert (dummy) explosives. 


WARNING 
Do not use blasting caps underground. 
Use detonating cord to prime underground charges. 


6-2. Explosive Materials. 


a. Blasting Caps. Both military and commercial blasting caps are extremely sensitive and can 
explode unless handled carefully. Blasting caps can detonate if exposed to extreme heat (cook off). 
Military blasting caps are more powerful and often more sensitive than their commercial 
counterparts. When using commercial blasting caps to detonate military explosives, ensure they 
are powerful enough to detonate the explosives, thus, avoiding misfires. Because power 
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requirements for caps from different manufacturers vary, never mix caps from different 
manufacturers; mixing caps could result in rnisfires. When installing caps in explosives, never force 
them into an explosive or a cap well; use an appropriate tool for making or enlarging the cap well. 
Ensure 1/8 to 1/4 inch of the cap is clearly visible at both ends when taping onto detonation cord. Do 
not connect blasting-cap initiation sets to ring or line mains or charges when nonessential personnel 
are on site. Never leave blasting caps unattended before or after attaching them to the charges or 
firing system. 


(1) Nonelectric. 


Use only authorized equipment and procedures when crimping nonelectric blasting caps 
to time fuse or detonating cord. 


Maintain blasting caps in the appropriate cap box until needed. Never store blasting caps 
with explosives. 


Never carry loose blasting caps in your pocket or place loose blasting caps in a container; 
secure them. 


Do not blow into a nonelectric cap or attempt to remove any obstructions from the blasting 
cap well. Remove obstructions that will dislodge by using the wrist-to-wrist tap method. 


Never insert anything but time fuse or detonation cord into a nonelectric blasting cap. 
Do not twist time fuse or detonating cord while attempting to insert into a blasting cap. 


Never attempt to crimp a blasting cap installed in an explosive. If the blasting cap has 
come loose from the time fuse or detonating cord, remove the blasting cap from the 
charge, recrimp the cap, and then reinstall the cap in the charge. 


Avoid striking, pinching, and mashing nonelectric caps during crimping activities. Use 
only the M2 crimpers for all crimping operations. 


When using nonelectric caps to dual prime demolitions, cut the fuse to allow an interval 
of not less than 10 seconds between firings. 


(2) Electric. 


Do not remove the short-circuiting shunt unless testing or connecting the cap. The shunt 
prevents accidental initiation by static electricity. If the blasting cap has no shunt, twist 
the bare ends of the lead wires together at least three times (180-degree turns) to provide 
a proper shunt. 


- Use proper grounding procedures when static electricity is present, see paragraphl6-5b] 
(page 6-4). 
When transporting electric blasting caps near vehicles (including aircraft) equipped with 
a transmitter, protect the blasting caps by placing them in a metal can with a snug-fitting 
cover (Y inch or more of cover overlap). Do not remove blasting caps from their 
containers near an operating transmitter unless the hazard has been judged acceptable. 


Keep electric blasting caps at least 155 meters from energized power lines. If using 
electric blasting caps near power lines, temporarily cut the power to the lines during 
blasting operations. 


Always use at least the minimum current required to fire electric blasting caps. 
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Always check circuit continuity of electric blasting caps before use. 


Cover connections between blasting cap leads and firing wires with insulating tape, not 
the cardboard spool. 


Remove firing wire loops and, if practical, bury blasting wires. 
b. Time Fuse and Detonating Cord. 
(1) Time Fuse. 


Always conduct a test burn of at least three feet for each roll of time fuse. If you do not 
use the fuse within 24 hours of the test burn, perform another test burn before using the 
fuse. 


Use M2 crimpers to cut time fuse. If serviceable M2 crimpers are not available, use a 
sharp knife to cut fuse. Be sure to cut the fuse end squarely. Make the cut on a 
nonsparking surface, such as wood. A rough or jagged-cut fuse can cause a misfire. 


Avoid cutting the fuse until you are ready to insert it into the igniter and blasting cap. 


To avoid problems from moisture infiltration, never use the first or last 6 inches of time 
fuse from a new or partial roll. 


Avoid sharp bends, loops, and kinks in time fuse. Avoid stepping on the fuse. Any of 
these conditions or actions can break the powder train and result in a misfire. 
(2) Detonating Cord. 


* Do not carry or hold detonating cord by placing it around your neck. 


To avoid problems from moisture infiltration, never use the first or last 6 inches of 
detonating cord from anew or partial roll. 


e Avoid sharp bends, loops, and kinks in detonating cord. Avoid stepping on the cord. 
Any of these conditions or actions can change the path of detonation or cause the cord 
to cut itself. 


c. Plastic and Sheet Explosives. 
Always cut plastic and sheet explosives with a sharp knife on a nonsparking surface. 
Never use shears. 
e Avoid handling explosives with your bare skin as much as possible. 


d. Picric Acid. Picric acid degrades with time. Do not use picric acid if its container is rusted 
or corroded. A rusty or corroded container indicates the explosive is unstable. 


WARNING 
Do not handle picric acid. Notify EOD for disposition. 


e. Commercial Explosives. Commercial dynamite is sensitive to shock and friction and is not 
recommended for use in combat areas. Do not use old, commercial dynamite because it is extremely 
sensitive and very unstable. Follow the procedures in TM 9-1300-206 or the manufacturer's 
recommendations to destroy aged commercial dynamite. When commercial dynamite freezes, it 
becomes covered with crystals and is very unstable. Do not use frozen dynamite. Commercial 
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dynamite containing nitroglycerin requires special handling and storage. Rotate commercial 
dynamite in storage to prevent the nitroglycerin from settling to the bottom of the explosive. 


6-3. Boreholes. Do not leave any void spaces in boreholes, especially in quarrying operations. A 
secondary explosion can result from a borehole with voids between loaded explosives. After the 
first blast, it may take up to 15 minutes for such an explosion to occur. Tamp all voids with 
appropriate material. When using springing charges to dig boreholes, allow at least 2 hours for 
boreholes to cool between placing and firing successive springing charges, or cool the boreholes 
with water or compressed air to save time. 


6-4. Toxicity. Most military explosives are poisonous if ingested and will produce lethal gases if 
detonated in confined areas such as tunnels, caves, bunkers, and buildings. Allow sufficient time 
for blast fumes, dust, and mists to clear before inspecting or occupying a blasting area. TNT is 
extremely poisonous; avoid using TNT to blast in enclosed areas. Avoid touching sensitive areas 
of your body, such as around the face and groin, when working with explosives. Wash your hands 
after working with explosives, especially before consuming food. 


6-5. Natural and Physical Properties. 


a. Lightning. Lightning is a hazard to both electric and nonelectric blasting charges. A 
lightning strike or nearby miss is almost certain to initiate either type of system. If lightning strikes 
occur, even far away from the blasting site, electrical firing circuits could be initiated by high, local 
earth currents and shock waves resulting from the strikes. These effects are increased when lightning 
strikes occur near conducting elements, such as fences, railroads, bridges, streams, underground 
cables or conduits, and in or near buildings. The only safe procedure is to suspend all blasting 
activities during electrical storms or when an electrical storm is imminent. 


b. Static Electricity. Though rare, electric blasting caps can possibly be initiated by static 
electricity. If possible, avoid using electric blasting caps if static electricity is a problem. Exercise 
extreme caution when working with explosives in cold, dry climates or when wearing clothing and 
equipment that produce static electricity, such as clothing made of nylon or wool. Before handling 
an electric blasting cap, always remove the static electricity from your body by touching the earth 
or a grounded object. It may be necessary to perform this grounding procedure often in an area 
where static electricity is a constant problem. 


c. Induced Currents. Radio signals can induce a current in electric blasting caps and 
prematurely detonate them [Table 6-1 lists the minimum safe distances from transmitters for safe 
electrical blasting. This table applies to operating radio, radar, microwave, and television 
transmitting equipment. Keep mobile transmitters and portable transmitters at least 50 meters from 
any electric blasting cap or electrical firing system. Do not use electric blasting caps within 155 
meters of energized power transmission lines. 


d. Blast Effects. Personnel in close proximity to explosions may experience permanent hearing 
loss or other injury from the pressure wave caused by an explosion. Hearing protection should be 
worn during all blasting operations. Personnel observing minimum safe distances for bare charges 
(sed Table 6] and Army Regulation (AR) 385-63) generally will not be affected by blast effects. 
Refer to AR 385-63, Chapter 18, for additional information on blast effect. 
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Table 6-1. Safe distances for blasting near radio frequency energy 


Average or eee Minimum Safe Distance 
Watts") (Meters) 


100 to 249 
250 to 499 


500 to 999 305 
| 1,000 to 2,999 480 


ETS | 309 


“When the transmission is a pulsed- or pulsed, 
i continuous-wave type and its pulse width are less than 10 
| microseconds, the left-hand column indicates average power. 
| For all other transmitters, including those with pulse widths 
greater than 10 microseconds, the left-hand column indicates 
|peak power. 


e. Missile Hazards. Explosives can propel lethal missiles great distances. The distances these 
missiles will travel in air depend primarily on the relationship between the missiles’ weight, shape, 
density, initial angle of projection, and initial speed. Under normal conditions, the missile-hazard 
area of steel-cutting charges is greater than that of cratering, quarrying, and surface charges. 


6-6. Underwater Operations. 


a. Explosives. Explosives are subject to erosion by water. Unprotected explosives will 
deteriorate rapidly, reducing their effectiveness. Ensure all exposed explosives are adequately 
protected when used in water, especially running water. 


b. Nonelectric Caps. Nonelectric caps depend on combustion to work properly. Any moisture 
inside a nonelectric cap may cause a misfire. Because nonelectric blasting caps are difficult to 
waterproof, aviod using them to prime underwater charges or charges placed in wet boreholes. 


c. Time Fuse. Time fuse depends on combustion to burn properly. Time fuse burns 
significantly faster underwater due to water pressure. Waterproof sealing compounds will not make 
a permanent waterproof seal between the fuse and a nonelectric blasting cap. Place the fuse 
underwater at the last possible moment before firing. 


NOTE: If the mission requires using time fuse underwater, then do the test burn underwater. 


d. Detonating Cord. Seal the ends of detonating cord with a waterproof sealing compound 
when using detonating cord for initiating underwater charges or charges that will remain in place 
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several hours before firing. Leaving a 6-inch overhang in detonating cord normally will protect the 
remaining line from moisture for 24 hours. 


e. M60 Fuze Igniter. The M60 depends on combustion to work properly. Water can penetrate 
the fuze igniter through the vent hole located in the pull rod. Therefore, if the igniter fails to fire 
on the initial attempt, it probably will fail on any subsequent attempt after reset. Always use a 
backup initiation set for underwater demolitions. 


6-7. Safe Distances. The following criteria give distances at which personnel in the open are 
relatively safe from missiles created by bare charges placed on the ground, regardless of the type 
or condition of the soil (AR 385-63). Table 6-2 lists safe distances for selected charge weights. The 
following general rules apply: 


Charges of Less Than 27 Pounds. The minimum missile hazard distance is 300 meters. 
* Charges of More Than 27 Pounds But Less Than 500 Pounds. Use the distances in Table 
6-2. 
+ Charges More Than 500 Pounds. Use the following formulas: 


Safe Distance (meters) = 100 {Pounds of Explosive (6-1) 
Safe Distance (feet) = 300 VPounds of Explosive (6-2) 


Missile-Proof Shelters. A missile-proof shelter can be as close as 100 meters from the 
detonation site provided it is strong enough to withstand the heaviest possible missile 
resulting from the demolition. 

Charges Fixed to Targets. When charges are fixed to targets and not simply placed on 
the ground, use the safe distances specified in Tables 6-2 orl6-3] whichever is farthest. 
Note that these distances depend on the target configuration, not quantity of explosive. 


Table 6-2. Safe distances for personnel (near bare charges) 


| Explosive Welght Safe Distance Explosive Weight Safe Distance 

Ga Nn onde (Feet Leer 
[rane wow oom oum | = 
i 30 a 02 i ETE | 200 4 : 
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Table 6-3. Safe distances for personnel (charges on target) 


Radius of 
Danger Area 


Remarks 


Blasting caps 
Primers 
Detonating cord 
(in the open) 


For service personnel under 
supervision. Applicable to all 


Fragments may fly up to 1,000 
meters in all directions. 


c. Metal girders and plates, 
guns, and so forth 


Buildings and AFV 


If personnel are wearing 
helmets, vou may reduce the 
safe distance to 500 meters. 


Concussion 


Cratering Roads and airfields b. See 
g 

c. Over 

30 kg 


Piers 

Abutments Any 

Retaining walls 

EN 


Breaching 


Consider the strong blast effect | 
when consider: :g buildings as | 


potential blast shelters. | 


If personnel are wearing 
helmets, you may reduce the 
safe distance to 500 meters. 


Reinforced-concrete 
beams and slabs 
Mass-concrete walls 


Consider the strong blast effect 


when considering buildings as 


potential blast shelters. 


and obstacles 
When these charges are fired 
into the ground vertically, you 
may reduce the safe distance 


Shaped Concrete 
to 300 meters. | 
| — | a. All right angles to axis, 1,000 meters 
Bangalore Torpedo | Wire obstacles b. In the line of the axis, 200 meters for | 
standing personnel and 100 meters 
for prone personnel 


Any 
e : Fragments may fly up to 1,000 
NOTES: 


1. The air clearance required is the ground safety distance plus 500 meters above the explosive area. 
2. The ship clearance required is the same distance as for the ground safety distance. 
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Section II. Misfire Procedures 


6-8. Nonelectric Misfires. 


a. Causes. 


Moisture in the time fuse, detonating cord, or explosives. 

Time fuse not seated completely in blasting cap or in fuse igniter. 

Breaks in time fuse or detonating cord. 

Jagged or uneven ends on time fuse. 

Blasting caps not seated securely in cap well or explosive. 

Loose or improper detonating-cord installation. 

Debris in the blasting cap. 

Commercial blasting caps were not strong enough to detonate military explosives. 


b. Prevention. You can minimize nonelectric misfires by taking the following precautions: 


Prepare and place all primers properly. 

Load all charges carefully. 

Detonate charges with the proper techniques. 

Use dual-initiation systems and, if possible, dual firing systems. 

Use detonating cord for underground demolitions. Do not bury caps! 
Perform tamping operations with care to avoid damaging prepared charges. 


Avoid crimping blasting caps onto time fuse in the rain; seek a covered area out of the 
rain. 


Ensure you completely seat time fuse when installing it into a blasting cap or fuse igniter. 


c. Clearing Procedure. 


The soldier who placed the charges should investigate and correct any problems with the 
demolition. 


After attempting to fire the demolition, delay investigating any detonation problem for 
at least 30 minutes plus the time remaining on the secondary. Tactical conditions may 
require investigation prior to the 30-minute limit. 


For above-ground misfires of charges primed with blasting caps, place a primed, l-pound 
charge next to the misfired charge and detonate the new charge. Each misfired charge 
or charge separated from the firing circuit that contains a blasting cap requires a 1-pound 
charge for detonation. Do not touch scattered charges that contain blasting caps; destroy 
therein place. For charges primed with detonating cord, use the procedures in paragraph 
(page 6-10). 

For a nonelectric cap that has detonated but failed to initiate a detonating-cord branch 
line, line main, or ring main, attach a new cap to the detonating cord, and then move to 
a safe place. 
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For buried charges, remove the tamping to within one foot of the misfired charge. 
Constantly check depth while digging to avoid striking the charge. When within 1 foot 
of the misfired charge, place a primed, 2-pound charge on top of the original charge and 
detonate the new charge. If digging over the original charge is impractical, dig a new 
borehole of the same depth beside the original hole, l-foot away. Place a primed, 2-pound 
charge in the new hole and detonate the new charge. 


6-9. Electric Misfires. 
a. Causes. 


Inoperable or weak blasting machine or power source. 
Improper operation of blasting machine or power source. 


* Defective or damaged connections. (Short circuits, breaks in the circuit, or too much 
resistance in the electrical wiring are common conditions resulting in misfires.) 


Faulty blasting caps. 

- Blasting caps made by different manufacturers in the same circuit. 
Power source inadequate for the number of blasting caps in the circuit (too many caps, 
too small a blasting machine). 


b. Prevention. Assign one individual the responsibility for all the electrical wiring in a 
demolition circuit. This individual should do the following: 
Perform all splicing. 
Install all blasting caps in the firing circuit. Do not bury caps! 


Make all of the connections between blasting cap wires, connecting wires, and firing 
wires. 


Inspect system for short circuits. 
Avoid grounding out the system. 
Ensure the number of blasting caps in any circuit does not exceed the rated capacity of 
the power source. 
c. Clearing Procedure. Use the following procedures to clear electric misfires: 


. Make another attempt to fire. 
* Use the secondary firing system, when present. 
Check the wire connections, blasting machine, or power-source terminals. 


Disconnect the blasting machine or power source and test the blasting circuit. Check the 
continuity of the firing wire with a circuit tester. 

+ Use another blasting machine or power source and attempt to fire the demolition again, 
or change operators. 

» When employing only one electrical initiation system, disconnect the blasting machine, 
shunt the wires, and investigate immediately. When employing more than one electrical 
initiation system, wait 30 minutes before inspecting. Tactical conditions may require 
investigation prior to the 30-minute limit. 
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- Inspect the entire circuit for wire breaks or short circuits. 


- If you suspect an electric blasting cap is the problem, do not attempt to remove or handle 
it. Place a primed, 1-pound charge next to the misfired charge and detonate the new 
charge. 


6-10. Detonating-Cord Misfires. 

a. Detonating Cord. If detonating cord fails to function properly, take the following action: 
Attach a new blasting cap to the remaining detonating cord, taking care to fasten it 
properly, and detonate the new blasting cap. 

- Treat branch lines in the same manner as noted above. 


b. Detonating-Cord Priming. If the detonating cord leading to the charge detonates but fails 
to explode the charge, take the following action: 


Do not investigate until the charges have stopped burning. Wait 30 minutes if the charge 
is underground. 

Reprime and attempt to detonate the charge. 

Scattered charges that do not contain blasting caps may be collected and detonated 
together. 

For underground charges, dig to within one foot of the charge; place a primed, 2-pound 
charge on top or to the side of the charge; and detonate the new charge. 


Section III. Transportation and Storage Safety 


6-11. Transportation. 


a. Regulations. Both military and commercial carriers are subject to regulations when 
transporting military explosives and other dangerous military materials within the United States. 
AR 55-355 covers the transportation of explosives. When transporting explosives outside the 
United States, follow the regulations from the host countries as well. TM 9-1300-206 contains 
minimum safety requirements for handling and transporting military explosives and ammunition. 
All explosives transport personnel must learn the local procedures and safety requirements. 


b. Safety Procedures. The commander should assign a primary and assistant operator to each 
vehicle transporting explosives on public highways, roads, or streets. Whenever transporting 
explosives locally, operators must observe the following safety rules: 


(1) Vehicles. 


Ensure vehicles are in good condition. Inspect all vehicles intended for hauling ex- 
plosives before loading any explosives. Pay particular attention to protecting against any 
short circuits in the electrical system. 


When using vehicles with steel or partial-steel bodies, install fire-resistant and nonspark- 
ing cushioning to separate the explosives from the metal truck components. 


Do not load vehicles beyond their rated capacities when transporting explosives. 
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Cover open-body vehicles hauling explosives with a fire-resistant tarpaulin. 
Mark all vehicles transporting explosives with reflective placards indicating the type of 
explosives carried (TM 9-1300-206, Chapter 6). 


Use demolition transports for explosives only. Do not carry metal tools, carbides, oils, 
matches, firearms, electric storage batteries, flammable substances, acids, or oxidizing 
or corrosive compounds in the bed or body of any vehicle transporting explosives. 


Equip vehicles transporting explosives with not less than two Class 1-BC fire extin- 
guishers for on-post shipments. Place the extinguishers at strategic points, ready for 
immediate use. 


Keep vehicles away from congested areas. Consider congestion when parking. 


Operate vehicles transporting explosives with extreme cam. Do not drive at a speed 
greater than 35 miles per hour. Make full stops at approaches to all railroad crossings 
and main highways. This does not apply to convoys or crossings protected by guards or 
highway workers (flaggers). 


Keep flames at least 50 feet from vehicles or storage points containing explosives. 
(2) Cargo (Explosives). 
Never leave explosives unattended. 
Never mix live and inert (dummy) explosives. 
- Secure the load of explosives in the transport to prevent shifting during transport. 


Transport blasting caps separately from other explosives. Do not transport blasting caps 
or other initiators in the same vehicles carrying explosives. If both blasting caps and 
explosives must be carried in the same vehicle, separate blasting caps from the other 
explosives by carrying the caps in a closed metal container in the cab of the transport. 

- No persons other than the primary and the assistant operators will ride on or in a truck 
transporting explosives. Do not refuel a vehicle while carrying explosives except in an 
emergency. 


(3) Fire. If fire breaks out in a vehicle transporting explosives, take the following actions: 


Try to stop the vehicle away from any populated areas. 
Stop traffic from both directions. Warn vehicle drivers and passengers and occupants of 
nearby buildings to keep at least 2,000 feet away from the fire. 


Inform police, fire fighters, and other emergency-response personnel that the cargo is 
explosives. 

If the fire involves only the engine, cab, chassis, or tires, make an effort to extinguish the 
fire with fire extinguishers, sand, dirt, or water. If the fire spreads to the body of the 
transport or the cargo, stop fighting the fire and evacuate to a distance of at least 2,000 
feet. 


- Do not attempt to extinguish burning explosives without expert advice and assistance. 
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6-12. Storage Safety. 


a. Magazines. There are two types of magazines: permanent and temporary. Although 
permanent magazines are preferred, temporary or emergency magazines are frequently required 
when permanent construction is not possible. Field Manual (FM) 9-6 and TM 9-1300-206 give 
details on magazine storage of explosives. Consider the following when constructing magazines: 


(1) Permanent. 


(a) Placement. Consider acceptability of magazine locations based on safety requirements, 
accessibility, dryness, and drainage. Safety and accessibility are the most important. An ideal 
location is a hilly area where the height of the ground above the magazine provides a natural wall 
or barrier to buildings, centers of communication, and other magazines in the area. Hillside bunkers 
are not desirable because adequate ventilation and drainage are often difficult to achieve. Clear 
brush and tall grass from the site to lessen the danger of fire. 


(b) Lightning protection. All magazines must have a grounded, overhead lightning-rod system. 
Connect all metal parts (doors, ventilator, window sashes, reinforcing steel, and so forth) to buried 
conduits of copperplate or graphite rods in several places. 


(c) Barricades. Install barricades around magazines; that is, there must be a substantial obstacle 
between magazines and inhabited buildings. For certain explosives, effective natural or artificial 
barricades reduce the required safe distance between magazines and railways and highways by one 
half. The use of barricades permits the storage of larger quantities of explosives in any given area. 
Although barricades help protect magazines against explosives and bomb or shell fragments, they 
do not en against pressure damage. TM 9-1300-206 gives more specific guidance on 
barricades. 


(d) Security. Place guards at all magazines to prevent unauthorized personnel from gaining 
access to magazine facilities. 


(2) Temporary. 


(a) Placement. When permanent magazine construction is not possible, create temporary 
magazines by placing explosives on pallets to accommodate ventilation. Store the pallets in a 
well-drained bunker. Excavate the bunker in a dry area and revet the bunker with timber to prevent 
collapse. Alternatives are an isolated building or a light, wooden-frame house with a wedge-type 
roof covered with corrugated iron or tent canvas. 


(b) Identification. Mark field-expedient storage facilities on all four sides with signs (TM 
9-1300-206). 


b. Temporary Storage. When necessary, store limited supplies of explosives in covered 
ammunition shelters. Ensure the temporary facilities are separated adequately to prevent fire or 
explosion from being transmitted between shelters. Piles of temporarily stored explosives should 
contain no more than 500 pounds each and be spaced no closer than 140 feet. Pile explosive 
components separately. Keep explosives, caps, and other demolition materials stored in training 
areas in covered ammunition shelters and under guard at all times. Local safety standing operating 
procedures (SOPS) and TM 9-1300-206, Chapter 4, are guides for temporary storage operations. 
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Section IV. Destruction of Military Explosives 


6-13. Concept. Destruction of demolition materials is a unit commander e decision. The purpose 
of this intentional destruction is to prevent the enemy from capturing stockpiles of explosives. 
Whenever the commander orders destruction, two primary considerations are site selection and 
safety precautions. EOD units are responsible for destroying damaged or unserviceable explosives 
and demolition materials (AR 75-14, TM 43-0001-38, and FM 9- 16). Completely destroy explosive 
and nonexplosive demolition materials in a combat zone. Damage essential components of sets and 
kits to prevent complete assembly by cannibalizing from undamaged components. Such destruction 
is acommand decision based on the tactical situation, security classification of the demolition 
materials, their quantity and location, facilities for accomplishing destruction, and time available. 
In general, burning and detonating or a combination of both are the most effective means of 
destruction. 


6-14. Site Selection. Select the site for its ability to provide the greatest obstruction to enemy 
movement but prevent hazards to friendly troops. Even in the fastest-paced operations, safety is 
important, and you should adhere to appropriate safety precautions, if possible. 


6-15. Methods. Burning and detonating, in that order, are considered the most satisfactory methods 
for destroying demolition materials to prevent enemy use. TM 9-1300-206 (Chapter 9) and TM 
9-1300-214 (Chapter 15) cover procedures for explosives and ammunition destruction in greater 
detail. 


a. Burning. Destroy packed and unpacked high-explosive items by burning. These explosives 
include linear demolition charges, shaped demolition charges, block demolition charges, stick 
dynamite, detonating cord, firing devices, timed blasting fuse, and similar items. Do not attempt 
to destroy blasting caps by burning them since they will detonate from extreme heat. Separate them 
from other explosives and destroy them by detonation. Personnel should not attempt to extinguish 
burning explosives without expert advice and assistance. Use the following procedure for burning 
explosives: 


Place blasting caps in piles separate from explosives and destroy by detonation. Ensure 
blasting caps are stored far enough away from the other explosives being burned to 
prevent the burning explosives from detonating the blasting caps or vice versa. 
Stack explosives in a pile over a layer of combustible material. Piles should not exceed 
2,000 pounds or be more than 3 inches thick. 

- Ignite the pile with a combustible train (excelsior or slow-burning propellant) of suitable 
peng and take cover immediately. Calculate the safe distance from the pile using 

(page 6-5). This distance is never less than 300 meters. 


Do not try to extinguish burning explosives. Burning explosives cannot be extinguished 
by smothering them or drenching them. In fact, smothering will probably cause an 
explosion. Personnel should not attempt to extinguish burning explosives without expert 
advice and assistance. 


b. Detonation. The tactical situation, the commander’s intent, the lack of time, the type of 
explosive, or the safety considerations may require an explosive to be detonated instead of burned. 
Use the following procedures for detonating explosives: 
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Establish a safety zone for missile and blast effect by computing the safe distance required 
for the amount of explosives to be detonated (Table 6-1, page 6-5). 

Do not exceed the limitations of the disposal site, Instead of detonating one large pile of 
explosives, it may be necessary to make several smaller piles of explosives and stagger 
their detonating times. 


Use a minimum of two initiation systems to detonate a pile of explosives. 


- Prime explosives every 4 to 5 feet when placing explosives in long rows or lines. 


Ensure positive contact between primed charges and other explosives in the pile or row. 
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Appendix A 
Example Calculations 


A-1. Application. This appendix contains examples of charge, demolition, and attack calculations. 
Users should be familiar with the discussions averse ne TNT in the I-pound package 
and C4 in the 1.25-pound package when calculating the following problems. The volume of a 
package of C4 is 20 cubic inches. 


A-2. Charge Calculations. 


|Problem: Determine the quantity of C4 required to cut a 30-inch diameter tree, using an internal timber 
charge. 


| Step 1 Obtain critical dimensions: D = 30 inches. 


Calculate for TNT/Rule of Thumb: 
| Step 2 D 30? _ 900 _ 
| Step 3 


| Step 5 Calculate number of charges: 
P One Tree = One Charge 


NOTE: You must split the charge between two boreholes because the tree is larger than 18 inches in 


d paragraph 3-5a|(page 3-4). 


| Step 6 Calculate total amount of explosives: 
i P Step 4 x Step 5 = Total Packages = 3 x 1 = 3 packages of C4 
Solution: Three packages of C4, placed in two boreholes, e|Ficnre 3-2 [pax a 30-inch diameter tree, 


using an internal timber charge. For placement of charge, see|Figure 3-2 (page 3-5). 


Example A-1. Timber-cutting charge calculation (internal) 
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Problem: Determine the quantity of TNT required to cut a 30-inch diameter tree using an external 
timber charge. 


Obtain critical dimensions: 


Step 1 D = 30 inches 


Divide by RE factor, if required: 
SN 22.5 pounds of TNT 


Calculate number of charges: 
One Tree = One Charge 

Step 6 Calculate total amount of explosives: 

p Step 4 x Step 5 = Total Packages = 23 x 1 = 23 packages of TNT 


Solutlon: 23 packages of TNT are required to cut a 30-inch diameter tree, using an external timber 
d Figure 3-3 3- 


charge. For placement of charge, see 3|(page 3-5). 
Example A-2. Timber-cutting charge calculation (external) 


A-2 
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Problem: Using the formula P= SA determine the quantity of C4 required to cut the two steel beams 


| shown below. ._— 20° —| |r 


Obtain critical dimensions: 
a. Top Flange: 20 x 1 = 20 square inches 
b. Web: 18x 1 = 18 square inches 
c. Bottom Flange: 24x 1 = 24 square inches 


Calculate for TNT/Rule of Thumb: 
a. Top Flange: 20 x 1 = 20 square inches 
b. Web: 18 x 1 = 18 square inches 
c. Bottom Flange: 24 x 1 = 24 square inches 
d. Total Square Inches = 62 square inches 
P= SA = = x 62 = 23.25 pounds of TNT 
Divide by RE factor, if required: 


Sn. 17.35 pounds of C4 


Divide by package weight/volume and round UP to next whole package: 


17.35 
125 ^ 13.88 


Round up to 14 packages of C4. 


Calculate number of charges: 
Two Beams = Two Charges 


Calculate total amount of explosives: 
Step 4 x Step 5 = Total Packages = 14 x 2 = 28 packages of C4 


a Figure | 


Example A-3. Steel-cutting charge calculation 
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Problem: Using[Table 3-3|(page 3-10), determine the quantity of C4 required to cut the steel beam 
shown below. 


P=%A 
Area of flange = 2 x 12 x 5 = 5 square inches 
Area of Web = 38x 11 = 418 square inches 

Total area (A) = 914 square inches 


Otain the critical dimensions: 
a. Top Flange: 5 x 1/2 inches 

b. Web: 11 x 3/8 inches 

c. Bottom Flange: 5 x 1/2 inches 


Calculate for TNT/Rule of Thumb: 


a. Top Flange: 5 x 1/2 = 0.8 pounds from|Table 3-3 
b. Web: 11 x 3/8 = 1.3 pounds from|Table 3-3 
c. Bottom Flange: 5 x 1/2 = 0.8 pounds from|Table 3-3 


d. Total: = 2.9 pounds of C4 


Divide by Cat weight/volume and round UP to next whole package: 
2.9 Pounds of C4 — -2.32 

Pate Weight 1.25 Package Weight ` 

Round up to 3 packages of C4. 


Step 5 Calculate number of charges: 
i p One Beam = One Charge 
| Step 6 Calculate total amount of explosives: 
P Step 4 x Step 5 = Total Packages = 3 x 1 = 3 packages of C4 
¡Solutlon: Three packages of C4 are required. For placement ot charge, see [Figure 3-7 (page 3-9). 
Example A-4. Hasty steel-cutting charge calculation 


A-4 
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Problem: Using ribbon charge, determine the quantity of C4 required to cut the steel plate shown below. 


Obtain the critical dimensions: 
a. Cut Length: 14 inches 
b. Target Thickness: 2 inches 


Calculate for TNT/Rule of Thumb: 
a. Thickness: 1/2(Target Thickness) = 1 inch 
b. Width: 3(Charge Thickness) = 3 inches 
c. Length: Cut Length = 14 inches 

Volume = Tx WxL=1x3x 14 = 42 cubic inches 


Divide by RE factor, if required: 
Not required because only C4 or sheet explosives are used. 
Divide by package weight/volume and round UP to next whole package: 


_ Charge Volume _ 42 _ 2 
~ Package Volume 20 ^ 
Round up to 3 packages of C4. 


number of charnas: 
VILLE IE NI VI HAL w: 


One Plate = One Charge 


| Step 6 Calculate total amount of explosives: 
p Step 4 x Step 5 = Total Packages = 3 x 1 = 3 packages 
Solution: Three packages of C4 are required to cut the steel plate. For placement of charge, see 
Figure 3-11|{page 3-13). 


Example A-5, Steel-cutting charge calculation (steel plate) 
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| Problem: Using ribbon charge, determine the quantity of C4 required to cut the I-beam shown below. 


Obtain critical dimensions: 
a. Top Flange: 22 x 1 = 22 inches 
b. Web: 12 x 1 = 12 inches 
c. Bottom Flange: 22 x 1 = 22 inches 


Caiculate for TNT/Rule of Thumb: 
a. Thickness = 1/2(Target Thickness) = 1/2 inches 
b. Width = 3(Charge Thickness) = 1 1/2 inches 
c. Length = Cut Length = 21 + 21 + 11 = 53 inches 
Volume = Tx Wx L =1/2x 1 1/2 x 53 = 39.75 cubic inches of C4 


22-1=21" 


1" 
== A 12-1211" 


NOTE: Length of cut is 53". 
Step 3 Divide by RE factor, if required: 
p No required because only C4 or sheet explosives are used. 


Divide by package weight/volume and round UP to next whole package: 
Charge Volume _ 39.75 
SKS Me Package Volume ` 20 Ss 
Round up to 2 packages of C4. 


Calculate number of charges: 
Step 5 One I-beam = 1 Charge 


Calculate total amount of explosives: 
Step 4 x Step 5 = Total Packages = 2 x 1 = 2 packages of C4 


olution: Two packages of C4 are required to cut the I-beam. For placement of charge, se Figure | 


[3-12 (page 3-13). 


Example A-6. Steel-cutting charge claculation (I-beam) 
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r 


Problem: Determine the quantity of C4 required to cut a 7-inch steel bar using a saddle charge. 


Obtain the critical dimensions: 
a. Target Diameter = 7 inches 
b. Target Circumference = 3.14 x 7 = 21.98 inches 


Calculate for TNT/Rule of Thumb: 

a. Thickness = 1.00 inch. 

b. Base Width = 1/2 (Target circumference) = 10.99 inches. 

c. Long Axis = Target Circumference = 21.98 inches. 

d. Total Volume = 1/2 (Base Width)(Long Axis) = 120.78 cubic inches. 


| Divide by RE factor, if required: 
| Not required because only C4 of sheet explosives are used. 


Divide by package weight/volume and round UP to next whole package: 
N= Charge Volume _ 120.78 _ 6.039 

Package Volume 20 ‘ 

Round up to 7 packages of C4. 


Step 4 


Calculate number of charges: 
One Bar = One Charge 


Caicuiaie total amount of expiosives: 

Step 4 x Step 5 = Total Packages = 7 x 1 = 7 packages of C4 
| 
| 


Solution: Seven packages of C4 are equired to cut the steel bar using a saddle charge. For 
iplacement of charge, see] Figure 3-13 [page 3-14). 


Example A-7. Steel-cutting charge calculation (steel bar) 


|Problem: Determine the quantity of C4 required to cut a 9-inch, high-carbon-steel bar using a diamond 
i charge. 


Obtain critical dimensions: 
a. Target Diameter: 9 inches. 
b. Target Circumference: 3.14 x 9 = 28.26 inches. 


Determine the required charge dimensions: 
a. Thickness: 1.00 inch. 

b. Short Axis: 1/2 (Target Circumference) = 14.13 inches. 

c. Long Axis: Target Circumference = 28.26 inches. 

d. Total Volume: 1/2 (Thickness x Long Axis x Short Axis) = 199.65 cubic inches. 


| 
j It is not necessary to determine the equivalent amount of C4 because this charge 
| uses and is computed for plastic explosive (C4), not TNT. 


| 
| 
| 


Determine the number of required packages of C4: 


__Charge Volume _ 199.65 ` 
N= Package Volume = 20 2:98 (Hound up to 10) 


altra m Ala o ET of 


Determine the number of charges required. 
requires only one charge. 


| Step 6 Determine the total number of packages required: 

P Packages (Step 4) X Charges (Step5) = Total Packages 
|Solution: Since only one charge is required to cut the high-carbon steel bar, you will need 10 packages 
of C4 to cut the steel bar. For placement of charge, see! Figure 3-14 (page 3-15). 


Example A-8. Steel-cutting charge calculation (high-carbon steel) 
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Problem: Using the formula R°KC, determine the number of Composition-C4 packages required to 
[breach a reinforced-concrete pier, 5 feet thick and 30 feet wide. The charges will be elevated 5 feet and 
luntamped. 


Obtain the critical dimensions: 
a. Breaching Radius (R) = 5 feet. 
b. Pier Width (W) = 30 feet. 


| Calculate for TNT/Rule of Thumb: 
| P= KC = 5%0.54)1.8 = 121.50 pounds of TNT 


| Divide by RE factor, if required: 


121.5 = 90.67 pounds of C4 
1.0% 


Divide by package weight/volume and round UP to next whole package:: 


. Charge Weight _ 90.67 ` 
~ Package Weight ^ 1.25 ` fes 
Round up to 73 packages of C4. 


| 
| 
| Steps Calculate total amount of explosives: 

| p Step 4 x Step 5 = Total Packages = 73 x 3 = 219 packages of C4 

Solution: 219 packages of C4 are required to breach the pier. For placement of charge, seg Figure | 


[3-16 (page 3-19). 


Example A-9. Breaching charge calculation (reinforced-concrete pier) 


| Problem: Determine the required amount of C4 needed to counterforce four concrete cubes three feet 
thick. 


Obtain critical dimensions: 
Circumference of Target = 3 feet 
| Calculate for TNT/Rule of Thumb: 
P = 1 1/2 pounds of C4 per foot of diameter 
P = 1 1/2 x 3 = 4.5 pounds of C4 


Divide by RE factor, if required: 
Not required because only C4 or sheet explosives are used. 


N= Charge Weight _ 
7 Package Weight 1.25 
Round up to 4 packages of C4 


Calculate number of charges: 
Four Cubes = Four Charges 


Step 6 Caiculate total amount of explosives: 
| Step 4 x Step 5 = Total Packages = 4 x 4 = 16 packages of C4 


| Solution: 16 packages of C4 are required to counterforce four cubes. For placement of charges, 
|see| Figure 3-17 (page 3-20). 


Example A-10. Counterforce charge calculation 
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Problem: Determine the quantity of cratering charges and C4 required to create a deliberate crater 146 
feet long. 


Obtain critical dimensions: 
Crater Length (L) = 146 feet 


Calculate for TNT/Rule of Thumb: 
a. 7-Foot Borehole = 80 pounds 
b. 5-Foot Borehole = 40 pounds + 1 pound for dual priming 


Divide by package weight/volume and round UP to next whole package:: 
a. 7-Foot Borehole = 2 cratering charges 
b. 5-Foot Borehole = 1 cratering charge and 1 package of C4. 


Calculate number of charges: 
ya £—16 , , 146-16 | 1-27 Holes 


Ivo 5 5 
27/2 = 13.5; round up to 14 for 7-foot holes and round down to 13 for 5-foot holes 


Calculate total amount of explosives: 
a. 7-Foot Boreholes: 2 charges x 14 boreholes = 28 cratering charges 
b. 5-Foot Boreholes: 1 charge x 13 boreholes = 13 cratering charges and 
13 packages C4 
Total « 41 cratering charges and 13 packages of C4 


er SS Se i Lee 


|Solution: 41 cratering charges and 13 packages of C4 are needed to create a deliberate crater 146 
[feet long. For charge placement, seg Figure 3-19| (page 3-23). 


Example A-11. Cratering charge calculation 
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A-3. Demolition Calculation. 


Problem: A simply supported, reinforced-concrete, beam-and-slab span must be destroyed with a 
concrete-stripping charge. The diagram below shows the span dimensions. Determine the quantity of 
C4 required and the resulting ditch width. 


1.0m 


Elevation view 


Beam Calculations 
Determine the amount of TNT required per meter: 
P=3.3(8.3h+0.5Ÿ = 3.3[3.3(1.2) + 0.5? = 292.76 pounds TNT per meter 


Determine the amount of explosive (TNT) per beam: 
P= (Pounds ™Ni/meter)(Beam width, in meters) 
P= 292.76(0.35) = 102.47 pounds per beam 


Determine the equivalent amount of C4: 


.P _ 102.47 _ 
RE^ 134 ^ 76.47 pounds C4 per beam 


Determine the required packages of C4 per beam: 


_ Charge Weight _ 76.47 _ 
N- Package Weight 1.25 = 61.18 (Round up to 62) 


Slab Calculations 


Determine the amount of TNT required per meter of slab between beams: 
P=3.3(3.3h + 0.5) = 3.3[3.3(0.3) + 0.5]? = 10.92 pounds TNT per meter 


Determine the amount of TNT required per slab: 
P= (Pounds TNT per meter) (Slab width, in meters) = 10.92(0.9) = 9.83 pounds TNT 


Example A-12. Beam-and-slab bridge demolition calculation 
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Determine the equivalent amount of C4: 


P 9.83 
RE^ 134^ 7.34 pounds C4 per slab 


Determine the required packages of C4 per slab: 


N- Charge Weight _ 7.34 
— Package Weight 1.25 


= 5.87 (Round up to 6) 


| Total Charge 
P = 5(Beam Charge) + 5(Slab Charge) = 5(62) + 5(6) = 310 + 30 = 340 packages of C4 


| Wa= 2h + 0.3 = 2(1.2) + 0.3 = 2.7 meters 


9 = 0.03 meters 


ASI ra cg) yp vt SL NI 


Therefore, Lc = 0.060 (30) = 1.8 meters. 
Since Lc < Wa, use P = 340 packages of C4, as calculated. 


From Table 4-2 (page 4-18), ni 0.060 meters. 


6 blocks C4 
62 blocks C4 


3 blocks C4 


Example A-12. Beam-and-slab bridge demolition calculation (continued) 
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A-4. Attack Calculations. 


Problem: Determine the attack method for demolishing a simply supported, steel-beam bridge with 
bottom supports and the following measurements: 


a. Length (L): 25.0 meters. 


b. Height (H): 2.1 meters. gem 25 m 02m 
c. End Clearance (E): 0.4 meters. 
Ru CS 


Consuit| Appendix H. Table H-1 [page H-1) lists bottom attack method for this bridge, 


provided that the actual end clearance (E) is greater than E 


Perform the calculation to determine whether Eis greater than En. 
a. Determine the height-to-length ratio (H/L): 
| 


b. Find the corresponding E/L value (Table H-i], page H-1). Since 0.084 is not found 
on the table, round UP to 0.09. 

(interpolate, if necessary). 
c. Determine the required end clearance. Use the following formula to find E. 


En- E = 0.016(25) = 0.40 meters 


| Solution: Compare the actual and required end clearances. Since the actual end clearance (0.4 
|Meters) is equal to the required end clearance (0.40 meters), a bottom attack is possible without any 
|likelihood of the span jamming. 


Example A-13. Bottom attack calculation 
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Problem: Determine the attack method for demolishing a simply supported, bowstring bridge with the 
following measurements: 


Lt 62 m 
a. Length (L): 62.0 meters. | | 


b. Height (H): 8.5 meters. 
c. Average Length of Bearing 
Supports (Ls): 1.15 meters. 


Determine the height-to-length ratio (H/L). Since 0.137 is not found on the table, round 
UP to 0.014. 


Find the corresponding Ls/L value (Table H-2, page H-2). Since 0.0186 is not found on 
the table, round UP to 0.020. 


a. Intersect the Ls/L and HL values on the table to get the value of LoL. 
Lo/L = 0.082. 

b. Multiply the LA value by the length to get Le. 

Lc = 0.082 x 62 = 5.08 meters. 


|Solution: The proposed cut must be 2.54 meters from either side of midspan. Mark the bridge in this 
| location. This location is the centerline for the proposed cut. 


Example A-14. Top attack calculation 
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[Problem Determine the attack method for a continuous, concrete-arch bridge with open spandrels and 
i pinned footings, having the following measurements 


| a. Length (L): 58.0 meters. 
ib. Rise (H): 7.5 meters. 


i Table 4-1 page 4-20). Since 0.129 is not found on 
the table, round UP to 0.14. The value found 


below 0.14 is 0.04. 
ee the required length of the cut: 


au = (0.04)58 = 2.32 meters 


E A Determine where to place the charges. Place charges at the midspan. 
|Solution: The proposed cut must be at the midspan. Mark the bridge in this location. This location is 
the centerline for the proposed cut. 


Example A-15. Arch bridge attack calculation 
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Appendix B 
Metric Charge Calculations 


B-1. Equivalent Metric Weights for Standard Explosives. NATO requirements make metric 
conversions necessary. The following formulas are metric equivalents for charge calculations. 
Table B-1 lists the metric equivalents for standard US Army demolition charges. 


Table B-1. Standard US demolition charges (metric equivalents) 


Unit Detonation RE 
Velocit 
Explosive (Pounds) y Factor 


Les [rus 


Weight (Metric) 
(Kilograms) 


DEXLIINCIEL-3ETL | 
MAI Compos | 250 | 6040 [ana | 194 | u — 
ess | 125 [5 


O 

pre | om IE E IC 
KEREN 
en ae ae ae MN 
M1 Dynamte La | 6,100 | 20,000 | ve 

SS [oe 

Charge 

M3A1 Shaped 


Charge 
M183 Assembly NA NA NA 1.34 9.07 


B-2. Timber-Cutting Formulas. The formulas on the following pages are examples of charge 
calculations converted to their metric equivalents. 
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D? 


= 3,500 


where— 


K (B-1) 


K zTNT required, in kilograms. 
D = timber diameter, in centimeters. 


- (B-2) 


where— 


K =TNT required, in kilograms. 
D = timber diameter, in centimeters. 


MESE (B-3) 


where— 


K =TNT required, in kilograms. 
D = timber diameter, in centimeter. 


B-3. Steel-Cutting Formulas.|Table B-2/gives the correct metric weight of TNT necessary to cut 
structural steel sections of various dimensions. Use|Table B-2 pr use the following formulas: 


A 
K= 38 (B-4) 
where— 


K = TNT required, in kilograms. 
A = cross-sectional area of the steel, in square centimeters. 


2 
D 
m 14 
where— 


K =TNT required, in kilograms. 
D = section diameter, in centimeters. 
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Table B-2. TNT steel-cutting charges (metric) 


B-4. Pressure Charges for T-Beams. Use the following formula to determine the metric size of 
T-beam pressure charges: 


2 (B-6) 
K = 48HT 

where— 

K =TNT required, in kilograms. 


H = T-beam height, in meters. 
T = beam thickness, in meters. 


NOTE: Measure H and T to the nearest 0.1 meter, but no less than 0.3 meter. Minimum tamping 
required is 30 centimeters. Increase K by one third for untamped charges. 


B-5. Breaching Charges. 
3 (B-7) 
K=RMC 
where— 
K =TNT required, in kilograms. 
R = breaching radius, in meters|(Chapter 3} page 3-17). 
M = material factor (Table B-3| page BAL 
C = tamping factor (Figure 3-16, page 3-19). 
The breaching radius is the distance a charge must penetrate to displace 
or destroy the target. For example, to determine the breaching radius for a 2.9-meter concrete wall 


with a charge placed on its side, use 3.0 as the breaching radius in the formula above. Always round 


the target's depth to the next higher quarter meter (2.9 becomes 3.0, 2.54 becomes 2.75, and so 
forth). 


Table B-3| (page B-4) lists material factors. 
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he value of the tamping factor depends on the location and tamping of 


the charge. A charge is not adequately tamped unless the tamping material’s depth equals or exceeds 
the breaching radius| Figure 3-16 (page 3-19) gives values for the tamping factor. 


Table B-3. Material factors (M) for breaching charges (metric) 


Material Breaching Radius(R) | M | 


Poor masonry Less than 1.5m 


1.5 mor more 


Earth construction 


Good masonry 
Concrete block 
Rock 


0.3 m or less 
Over 0.3 mto less than 1 m 
1mto less than 1.5 m 


Dense concrete 
First-class masonry 


Over 0.3 mto less than 1 m 
1m to less than 1.5 m 
1.5 mto less than 2 m 


Reinforced concrete 


(Cantar danm mad ma mat 


(Factor does not consider 
cutting of concrete) 


Over 0.3 mto less than 1 m 
1 mto less than 1.5 m 
1.5 m to less than 2 m 


2 mor more 


B-4 
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Appendix C 
Use of Demolition Charges 


C-1. Sources. 


a. Primary Charges. When using land mines, aerial bombs, shells, and foreign explosives as 
demolition charges, take the appropriate precautions outlined in the paragraphs below. The use of 
such explosives is usually uneconomical but may occasionally become necessary or desirable. 
Obtain such materials from captured or friendly supply stocks or, in the case of land mines, those 
recovered from enemy or friendly minefield. Never use unexploded duds (shells or bombs) for 
demolition purposes. 


b. Supplementary Charges. When necessary, use allied-nation or captured explosives to 
supplement or replace standard explosive charges. 


C-2. Land Mines. 


a. Safety Precautions. Use only defused mines as demolition charges. Recovered mines may 
be sensitive because of near misses and may detonate during normal handling. The theater 
commander prescribes the policy for use of salvaged or captured threat mines. 


b. Charges. When calculating charges using mines, consider only the explosive weight. Use 
normal explosive quantities for cratering or pressure charges. However, the mine case does not 
allow proper contact of the explosives against irregularly shaped objects. You may find it necessary 
to increase the size of cutting charges considerably when using mines for this purpose. Test shots 
are the best way to determine the proper charge under given conditons Table Cl] (page C-2) lists 
the explosives content of various antitank mines by country of origin. The US mines are current; 
foreign mines may be current or obsolete. 


c. Priming. Detonate a land mine by placing a l-pound charge on the pressure plate. If firing 
large quantities of mines simultaneously, prime several mines to ensure complete detonation. 
Detonating a single mine normally detonates any other mine in direct contact with the primed mine. 


C-3. Aerial Bombs. 


a. Safety Precautions. General-purpose, aerial bombs make satisfactory demolition charges 
but are more effective as cratering charges. Their shape makes them inefficient for demolitions 
requiring close contact between the explosive and the target. Take precautions against 
fragmentation, as the steel fragments from bomb cases may fly great distances. Before using any 
bomb, positively identify it as a general-purpose bomb. 
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Table C-1. Antitank (AT) mine explosives content (by nation) 
Country Mine Type Welght/Explosive 


| M15 AT (Metallic) 22 Ib/TNT 
| United States |M19 AT (Nonmetallic) 21 Ib/TNT 
| M21 AT (Metallic) 10.5 Ib/Comp H6 


| Belgium ` |PRB-4AT 20 lb/Hexogen 
| Communist China |Dual-Purpose No. 4 (Metallic) 4.5 Ib/TNT 


PT-Mi-K AT (Metallic) 11 Ib/TNT 
| Czechoslovakia |PT-Mi-Ba AT (Plastic) 12 Ib/TNT 


TQ-Mi AT (Cardboard) 11.5 Ib/TNT 


ious Pate Gare AT aM] | "pëspert | 
franco 
| M1951 AT (Plastic "grille") 11 to 16 Ib/PETN 
Ces pe war ei 
| Heavy AT (Metallic) 22 Ib/TNT 
Type bul Pupose Wai | ero | 
Type Oval Papes Watley | asom 
TMD oden [TT An DINT, rees | 
Vas ana | 


South Korea 


Former 
Soviet Union 


Mark 4 GS AT (Metallic) 8.25 Ib/TNT 

United Kingdom Mark 5 GS AT (Metallic) 4.5 Ib/TNT 
Mark 5 HC AT (Metallic) 8.3 Ib/TNT 

Mark 7 AT (Metallic) 19.6 Ib/TNT 


|'Picric acid corrodes metals, forming extremely sensitive compounds that are easily detonated. Do not 
¡handle mines loaded with this explosive except to move them to a safe disposal area for destruction. 
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b. Charges. The explosive content of an aerial bomb is approximately half its total weight. 
Table C-2 lists the explosives content for various general-purpose bombs. Approximately 20 
percent of the explosive potential of an aerial bomb is expended in shattering the casing. 


c. Priming. Detonate bombs under 500 pounds by placing a 5-pound explosive charge on the 
middle of the casing; bombs exceeding 500 pounds require a 10-pound charge. Do not place fuses 
on the nose or tail of the bomb. To ensure detonation, prime large bombs separately. 


Table C-2. General-purpose, aerial bombs (explosive contents) 


Old Serles | 
CAT sr mm] 
ANMSTM 250 pound GP rs | 20 | 
Seu reg — | 2 | 59 
ANMSA 1,000-paund GP | ses | 1094 | 
RNEMGGAZ, 2000 pure GP | tes | ams | 
M117, 750-pound GP | 
M118, 3,000-pound GP 1,975 | 3,049 | 


MK81, Mod 1, 250-pound GP 


MK83, Mod 3, 1,000-pound GP 
MK84, Mod 1, 2,000-pound GP 945 | 1970 | 

Low-Drag, Snakeye | 
MK81, Mod 1, 250-pound GP 100 


MKez,Mod2,S0o-poundGP — LS | 560 | 
CA Artillery Shells (Nonnuclear). 


a. Safety Precautions. Use artillery shells for demolition when only fragmentation is desired. 
Because of their low explosive content, artillery shells are generally not adequate for other 
demolition purposes. 


b. Charges. Any artillery shell fits this category; however, avoid shells smaller than 100 
millimeters. The 105-millimeter howitzer, high-explosive shell, which weighs 33 pounds, contains 
only 5 pounds of explosive. The 155-millimeter howitzer shell contains only 15 pounds of 
explosive. 


c. Priming. Detonate shells up to 240 millimeters by placing 2-pound charges on the case, just 
forwar of the rotating band. To ensure complete detonation of multiple shells simultaneously, 
place a charge on each shell. Use the M10 universal destructor to detonate shells that have threaded 
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fuse wells of 1.7- or 2-inch diameters. Fill the booster cavities of bombs and large projectiles fully 
by adding booster cups to the M10 destructor, as required. 


C-5. Foreign Explosives. 


a. Safety Precautions. Use foreign explosives to supplement standard US charges or, in certain 
cases, instead of US charges. However, only experienced demolition personnel should work with 
such explosives and then only according to instructions and directives issued by the theater 
commander. TM 9-1300-214 lists the most common foreign explosives. 


b. Priming. Most foreign explosive blocks have cap wells large enough to receive US military 
blasting caps. However, test fire these charges with US military blasting caps to ensure positive 
detonation. In certain instances, you may find it necessary to initiate the explosives by using a 
standard US demolition block primed with a blasting cap. 


FM 5-250 


Appendix D 
Expedient Demolitions 


D-1. Expedient Techniques. These techniques are intended for use only by personnel experienced 
in demolitions and demolitions safety. Do not use expedient techniques to replace standard 
demolition methods. Availability of trained soldiers, time, and material are the factors to consider 
when evaluating the use of expedient techniques. 


D-2. Shaped Charges. 


a. Description. Shaped charges 
concentrate the energy of the explosion = 2 
released on a small area, making a tubular or Fuse 
linear fracture in the target. The versatility 
and simplicity of shaped charges make them DT 7) 
effective against many targets, especiall , » "77 
those M of ee Tus with e 2s A A, 
plating. You can improvise a shaped charge m fo SCH 
(Figure D-l). Because of the many variables Y SER 
(configuration, explosive density, liner Cone ~ 70 SUCKS tapsa To 
cavity density, and so forth), consistent Wa dà 
results are impossible to obtain. Therefore, ER 


experiment to determine the optimum } standotf | Cone | 
standoff distances. Plastic explosive is best | distance diameter 


side as standoff. 


suited for this type of charge. However, 


dynamite and molten TNT can be effective | 4 1/2 cone 
expedients. diameter 


b. Fabrication. Obtain a container for 
the shaped charge and remove both ends. Figure D-1. Improvised shaped charge 
Almost any kind of container will work. 

Cans, jars, bottles, or drinking glasses will do. Some containers come equipped with built-in cavity 
liners, such as champagne or cognac bottles with the stems removed. With the ends removed, the 
container is ready for a cavity liner and explosive. Optimum shaped-charge characteristics are: 


(1) Cavity Liner. Make a cone-shaped cavity liner for the container from copper, tin, zinc, or 
glass. Funnels or bottles with a cone in the bottom (champagne or cognac bottles) are excellent. 
However, if material is not available for a cavity liner, a workable but less effective shaped charge 
can be made by cutting a coned-shaped cavity in a block of explosive. 


(2) Cavity Angle. For most high-explosive antitank (HEAT) ammunition, the cavity angle is 
42 to 45 degrees. Expedient charges will work with cavity angles between 30 and 60 degrees. 


D-1 
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(3) Explosive Height (In Container). The explosive height is two times the cone height, 
measured from the base of the cone to the top of the explosive. Press the explosive into the container, 
being careful not to alter the cavity angle of the cone. Ensure the explosive is tightly packed and 
is free of any air pockets. 


(4) Standoff Distance. The normal standoff distance is one and one-half cone diameters. Use 
standoff sticks to achieve this. 


(5) Detonation Point. The exact top center of the charge is the detonation point. Cover the 
blasting cap with a small quantity of C4 if any part of the blasting cap is exposed or extends above 
the charge. 


NOTE: Remove the narrow neck of a bottle or the stem of a glass by wrapping it with a piece of 
soft, absorbent twine or by soaking the string in gasoline and lighting it. Place two bands of adhesive 
tape, one on each side of the twine, to hold the twine firmly in place. To heat the glass uniformly, 
turn the bottle or stem continuously with the neck up. After the twine or plastic has burned, 
submerge the neck of the bottle in water and tap it against some object to break it off. Tape the 
sharp edge of the bottle to prevent cutting hands while tamping the explosive in place. A narrow 
band of plastic explosive placed around the neck and burned gives the same results as using string 
or twine. 


D-3. Platter Charge. This device uses the Miznay-Shardin effect. It turns a metal plate into a 
powerful, blunt-nosed projectile (Figure D-2). Use a round, steel platter, if available. Square 
platters also will work. The platter should weigh 2 to 6 pounds. 


a. Charge Size. Use a quantity of explosive equal 
to the platter weight. 


b. Fabrication. 


(1) Uniformly pack the explosive behind the 
platter. A container is not necessary if the explosive 
will remain firmly against the platter without a 
container. Tape is an acceptable anchoring material. 


(optional) 


(2) Prime the charge at the exact, rear center. 


> Cover the blasting cap with a small a) of C4 if 
Figure D-2. Platter charge any part of the blasting cap is exposed. 


(3) If available, use a gutted M60 fuze igniter as an expedient aiming device and aim the charge 
at the direct center of a target. Ensure the explosive is on the side of the platter opposite the target. 
With practice, you can hit a 55-gallon drum, a relatively small target, at 25 yards about 90 percent 
of the time with a platter charge. 


D-4. Grapeshot Charge. This charge consists of a container (an ammo can or Number- 10 can), 
projectiles (nails, bolts, glass, small pieces of scrap metal, or rocks), buffer material (soil, leaves, 


felt, cloth, cardboard, or wood), a charge (plastic explosive like C4), and a blasting cap. Assemble 
Figure D-3. 


these components as as shown in 
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a. Charge Size. Use a quantity of 
explosive equal to one quarter the 
projectile weight. 


b. Fabrication. 


(1) Make a hole in the center of 
the bottom of the container large 
enough to accept a blasting cap. 


(2) Place the components in the 
container in the following sequence: 


(a) Explosive. Place the plastic Rear center 


sete de Shrapnel 
explosive uniformity in the bottom of priming KA 
the container, remove all voids or air 
spaces by tamping with a nonsparking Figure D-3. Grapeshot charge 


instrument. 


(b) Buffer. Place 2 inches of buffer material directly on top of the explosive. 


(c) Projectiles. Place the projectiles on top of the buffer material, and place a covering over 
the projectiles to prevent them nom spilling out when handling the charge. 


(3) Make a cap well in the plastic-explosive charge through the hole in the bottom of the 
container and insert the blasting cap of the initiation set. Cover the blasting cap with a small quantity 
of C4 if any part of the blasting cap is exposed 


(4) Aim the charge at the center of the target from approximately 100 feet. 


D-5. Dust Initiator. Dust-initiator charges use small quantities of explosives with larger amounts 
of powdered materials (dust or cover) to destroy thin-walled, wooden buildings or railroad boxcars. 
These charges work best in an enclosed area with few windows. At detonation, the dust or cover 
is distributed in the air within the target and ignited by an explosive-incendiary charge. The 
dust-initiator charge consists of an explosive, mixed with equal parts of incendiary mix, and a cover 
of finely divided organic material. 


a. Charge Computations. 


(1) Charge Size. One pound of explosive-incendiary mixture will effectively detonate up to 
40 pounds of cover. To make a l-pound explosive-incendiary mixture, combine 1/2 pound of 
crushed TNT or C3 and 1/2 pound of incendiary mix (two parts aluminum powder or magnesium 
powder and three parts ferric oxide). Do not use C4 because the explosive component in C4 will 
not combine properly with the incendiary mixture. 


(2) Cover (Dust) Size. Use 3 to 5 pounds of cover for each 1,000 cubic feet of target (3 pounds 
for enclosed buildings, 5 pounds for partially enclosed buildings). The cover can consist of coal 
dust, cocoa, powdered coffee, confectioners sugar, tapioca, wheat flour, corn starch, hard-rubber 
dust, aluminum powder, magnesium powder, powdered soap, or a volatile fuel such as gasoline. 


D-3 
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b. Fabrication. Place the TNT or C3 explosive in a canvas bag and crush it into a powder with 
a wooden mallet. In the same bag that contains the crushed explosive, add an equal amount of 
incendiary mixture and mix thoroughly. Prime this explosive-incendiary charge with a 
detonating-cord knot. Place the primed charge in the center of the target and pour or place the cover 
on top of it, forming a pyramid. When using gasoline as the cover, do not use more than 3 gallons, 
since greater quantities will not evenly disperse in the air, giving poor results. 


c. Detonation. The charge can be detonated by attaching initation sets to the detonating cord. 


D-6. Improvised Cratering Charge. This charge consists of a mixture of ammonium nitrate 
fertilizer (at least 33.33 percent nitrogen) and diesel fuel, motor oil, or gasoline. The ratio of fertilizer 
and fuel is 25 pounds to 1 quart. The fertilizer must not be damp. You may fabricate almost any 
size of improvised charge from this mixture. Proceed as follows: 


a. Measure the fertilizer and fuel for the size charge you require. 
b. Add the fuel to the fertilizer and mix thoroughly. 
c. Allow the fuel to soak into the fertilizer for an hour. 


d. Place half of the ammonium nitrate charge in the borehole. Then, place two l-pound primed 
blocks of explosives in the borehole and add the remainder of the ammonium nitrate charge. Never 
leave the charge in the borehole for a long period, since the charge will accumulate moisture, 
reducing its effectiveness. 


NOTE: Boreholes should receive 10 pounds of explosives for every foot of depth and must be dual 
primed. 


e. Detonate the charge. 


D-7. Improvised Borehole Method (Detonating-Cord Wick). This method (Figure D-4) is used 
to enlarge boreholes in soil. The best results are obtained in hard soil. Use the following procedure: 


a. Tape together several strands of detonating cord 5 to 6 feet long. Generally, one strand 
enlarges the diameter of the hole by about one inch. Tape or tie the strands together into a wick for 
optimum results. 


b. Make a hole by driving a steel rod approximately 2 inches in diameter into the ground to 
the depth required. According to the rule of thumb, a hole 10 inches in diameter requires 10 strands 
of detonating cord. 


c. Place the detonating-cord wick into the hole using an inserting rod or some other field 
expedient. The strands must extend the full length of the hole. 


d. Fire the cord either electrically or nonelectrically. An unlimited number of wicks can be 
fired atone time by connecting them with the detonating cord ring main or line main. If successive 
charges are placed in the holes, blowout excess gases and inspect the hole for excessive heat. 
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Figure D-4. Detonating-cord wick 


D-8. Ammonium-Nitrate Satchel Charge. Although the satchel charge is excellent, it is mostly 
suitable for cratering. A more manageable charge may be used by mixing ammonium-nitrate 
fertilizer with melted wax instead of oil. The mixing ratio is 4 pounds of fertilizer to 1 pound of 
wax. Set the primer in place before the mixture hardens. 


a. Preparation. 


(1) Melt the wax in a container and stir in the ammonium-nitrate pellets, making sure that the 
wax is hot while mixing. 


(2) Before the mixture hardens, add a 1/2-pound block of explosive primed with detonating 
cord. Ensure the primed charge is in the center of the mixture and that there is sufficient detonating 
cord available to attach initiation sets. 


(3) Pour the mixture into a container. Add shrapnel material to the mixture if desired or attach 
the shrapnel on the outside of the container to give a shrapnel effect. 


(4) Detonate the charge by attaching initiation sets to the detonating cord coming from the 
satchel charge. 


b. Use. Because the wax and fertilizer may be molded into almost any size or shape, it may 
be applied to a great many demolition projects with satisfactory results. 


D-9. Expedient Flame Fougasse. Use this device in defensive or offensive operations for its 
incendiary, illuminating, and signaling effects. The charge consists of a 55-gallon drum of thickened 
fuel, a kicker charge, a trip flare, and detonating cord page D-6). A 55-gallon drum 


containing a fougasse mixture is effective for a controlled-direction burst. 
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ee 45° 


Detonating cord 
5 - 7 wraps 


Igniter 


Ring main 


Figure D-5. Expedient flame fougasse 
a. Preparation. 


(1) Make the fougasse mixture by mixing 3 ounces of M4 thickening compound per gallon of 
gasoline or JP4 fuel. Depending on the temperature, the mixture may take from 15 minutes to 
several hours to thicken to the desired viscosity (resembling applesauce or runny gelatin). For a 
Un drum, vigorously mix 150 ounces of M4 thickening compound with 50 gallons of gasoline 
or JP4 fuel. 


(2) Dig an angled trench for the 55 gallon drum that will allow the best coverage and dispersion 
of the flame fougasse. However, do not build the trench steeper than 45 degrees. Make a small 
cutout area in the back of the trench for the kicker charge (2 pounds of TNT or 2 blocks of C4). 


(3) Prime the kicker charge with detonating cord, leaving 6 to 10 feet of detonating cord free 
to tie into a ring main (6 to 10 feet). 


(4) Wrap the top end of the 55 gallon drum with 5 to 7 wraps of detonating cord, leaving 6 to 
10 feet of the detonating cord free to tie into a ring main. 


(5) Lay the drum in the trench and place the kicker charge in the small cutout. Push the drum 
against the back of the trench so the kicker charge seats firmly against the bottom of the drum. It 
may be necessary to tamp soil around the charge to properly center the kicker charge against the 
bottom of the drum. The running ends of detonating cord for the kicker charge and drum top should 
extend from the trench. Avoid kinks or sharp bends in the detonating cord. 


(6) Lay out a ring main of detonating cord around the 55-gallon drum and tie the detonating 
cord from the kicker charge and wraps to the ring main. 


(7) Cover the entire 55-gallon drum with a minimum of 1 foot of tamped soil, leaving the front 
of the drum exposed or uncovered. 
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(8) Using a length of detonating cord, tape one end under the spoon handle of an igniter trip 
flare (M49). Tape the spoon handle down securely, attach the trip flare to a stake, and position the 
stake 3 to 4 feet in front of the drum. Attach the free end of the detonating cord secured to the trip 
flare to the ring main. During combat, a WP grenade (M34) will work in place of the trip flare. If 
trip flares are not available, do the following: 


Take a 2-liter plastic bottle and fill it half full with raw gasoline or JP4 (unthickened). 


« Punch a hole in the cap of the bottle and thread one end of a detonating cord through the 
hole. 


Tie a single overhand knot in the detonating cord to prevent it from being pulled back 
out of the cap. 


Place the detonating cord with the single overhand knot inside the bottle and secure the 
cap onto the bottle. 


Take the opposite end of the detonating cord and attach it to the ring main. 
(9) Attach initiation sets to the ring main. 


b. Function. When initiated, the ring main initiates the detonating cord to the trip flare, the 
drum top, and the kicker charge. The wraps cut the top of the drum off, the kicker charge propells 
the thickened fuel outward, and the trip flare ignites the thickened fuel as it travels downrange. The 
result is a flash of flame that spreads downrange for approximately 100 meters. 


D-7 
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Appendix E 
Power Requirements for 
Series Firing Circuits 


E-1. Series Circuits. Electric blasting caps are connected in series and fried with an electric power 
source (blasting machine). A series circuit provides a single path for the electrical current that flows 
from one firing wire, through each blasting cap to the next blasting cap, and back to the other firing 
wire. A series circuit should not contain more than 50 blasting caps. The connection of more than 
50 caps in a series circuit increases the chances of breaks in the firing line or cap leads. 


E-2. Ohm’s Law. Ohm’s Law defines the amount of voltage necessary to detonate the blasting 
caps. Determine the required voltage for your firing circuit as follows: 


E=IR (E-1) 
where— 


E = electric potential, or voltage, in volts. 
I = current, in amperes. 
R = resistance, in ohms. 


E-3. Electric Power Formula. Determine the amount of electric power (watts) necessary to 
detonate blasting caps: 


W= IR (E-2) 
where— 


W = electrical power, in watts. 
I = current, in amperes. 
R = resistance, in ohms. 


E-4. Electric Blasting Caps. Military electric blasting caps connected in series require at least 1.5 
amperes to fire, regardless of the number of caps in the series. The resistance of military electric 
blasting cap is 2 ohms. 


E-5. Circuit Resistance. Ensure that the power source is adequate to fire all charges connected to 
the circuit. Firing wire, as well as blasting caps, contribute to total resistance in the circuit. 
Determine the amount of resistance by combining the individual resistances of the blasting caps 
and the wires. The resistance in the wire depends on the wire's size and length Table E- T; (page 
E-2) gives the resistance per 1,000 feet of various sizes of copper wire. 
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Table E-1. Resistance in copper wire 


Wire Characteristics Realstance per 


1,000 Feet 
(om 


NOTE: For resistance, the ratings are for single-strand wire. Since blasting 
wire Usually comes in double strands, use half its length to compute total 
resistance. 


E-6. Series Circuit Calculations. Complete calculations for any series circuit involved in 
determining the amount of current (amperes), voltage (volts), and power (watts) needed to fire the 
circuit. Use the following procedure: 


a. Current. The current required for a series circuit of electric blasting caps is 1.5 amperes 


regardless of the number of blasting caps in the circuit. 


b. Resistance. Determine the resistance in the circuit (paragraph E-5 page E-l). 
c. Voltage. Determine the required voltage for the circuit page E- 1). 
d. Power. Determine the required power for the circuit (paragraph E-3| page E-l). 


e. Example. Determine the current, voltage, and power required to detonate a 20-cap series 


J 


circuit consisting of special electric blasting caps and 500 feet of standard, 2-conductor, 18-gauge 


firing wire. 


(1) Current. The amount of current required to detonate this circuit is 1.5 amperes 


(2) Resistance. 


Caps: 2.0 ohms (20 caps)= 40.0 ohms 
Wire: 500 feet (2 strands)= 1,000 feet= 6.4 ohms (Table E-1) 
Total Resistance: 46.4 ohms 


NOTE: Number-18 wire consists of two strands. The example specifies a 500-foot piece of wire, 


so use 1,000 feet as the total wire length for determining resistance (500 x 2 = 1,000). 
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(3) Voltage. 
E = IR = 1.5(46.4)= 69.6 volts (E-3) 
where- 


E = voltage, in volts 
I = current, in amperes 
R = resistance, in ohms 


(4) Power. 
W= 1°(R)= 1.5(46.4)- 104.4 WattS (E-4) 
where— 


W = power, in watts 
I = current, in amperes 
R = resistance, in ohms 


E-7. Voltage Drop. Ohm's Law allows you to determine the amount of voltage required (voltage 
drop) for a blasting circuit. In practice, the voltage drop should never exceed 90 percent of the 
available voltage; if it does, decrease the resistance or increase the voltage in the circuit to ensure 
that proper detonation occurs. 


E-8. Blasting Machines. The name plate on power sources normally states the amperage and the 
voltage ratings. Before using any power source, determine whether it is suitable for your firing 
circuit. Generally, you can determine the adequacy of a power source by consulting Table E-J (page 
E-4). This table lists the sizes of circuits that power sources can support. If you must determine 
the power source's capabilities from the name plate, use the following procedure: 


a. Determining Circuit Capacity. 
Step 1. Multiply the power source's voltage rating by 90 percent to get an adjusted 
voltage rating. 


Step 2. Divide the adjusted voltage rating (Step 1) by the circuit's amperage rating (1.5 
amperes). At this point you have the maximum allowable resistance in the circuit, in 
ohms. 


Step 3. Determine the total resistance from the firing wire (Table E-l). 

Step 4. Subtract the wire's resistance from the maximum allowable circuit resistance 
(Step 2) to determine the maximum allowable resistance of the blasting caps in the circuit. 
Step 5. Determine the maximum number of blasting caps the circuit will support by 
dividing the allowable resistance for caps (Step 4) by the resistance in one cap (2 ohms). 
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Table E-2. Power source capacities 


Power Source Circuit Size (Series) 


Aarhina in am 
Blast y Machine, VU" aj 


Generator, 1.5-kw, Portable (115V, 13.54] LE 


| Generator, 3-kw, Portable (115V, 26A) 


Generator, 3-kw, Portable (220V. 13.5A) 
Generator, 5-kw, Portable (220V, 22.5A) 


b. Example. Determine the maximum number of electric blasting caps allowed in a series 
circuit fired by a 220-volt, 13.5-ampere generator and 250 feet of double-strand, 20-gauge wire (a 
total of 500 feet of wire). 


(1) Allowable Resistance. 


0.90(220 volts) _132 ohms (E-5) 
1.5 amperes 


(2) Resistance in Firing Wire. 


10.2 ohms (500 feet) B ghis 


1,000 i 
(3) Allowable Resistance in Blasting Caps. 
132 ohms - 5.2 Ohms = 126.8 Ohms (E-7) 
(4) Number of Blasting Caps. 
126.8 ohms _ 
roue 63.4 caps (Round down to 63 caps) (E-8) 


E-9. Batteries and Dry Cells. Use the procedure ir} paragraph E-8| (page E-3) to determine the 
size of a circuit supported by a battery or dry cell. 
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Appendix F 
Instructions for Completing 
Demolitions-Related Reports 


F-1. Target Folder. A completed target folder contains demolition orders and an obstacle folder. 
A sample target folder is shown in (page F-4). Refer to| Chapter 5, Section III (page 
5-2), for a discussion of the demolition orders. Refer to|Chapter 5, Section IV (page 5-6) for a 
discussion of the obstacle folder. 

F-2. ee for DA Form 2203-R. Use the following instructions and the sample form 


shown i n| Figure F-2] ure F-2 nl Figure F2l(pages F-38 through F-42) to complete DA Form 2203-R. A blank DA Form 
2203-R is at the end of this manual. It may be locally reproduced on 8 1/2-by 11-inch paper. 


a. Block 1 (FILE NO.). Leave blank unless a higher headquarters provides this number. Higher 
headquarters provides this number or enters it after you submit the form. 


b. Block 2 (DML RECON RPT NO.). Leave blank unless a higher headquarters provides this 
number. Higher headquarters provides this number or enters it after you submit the form. Company 
SOP may specify the procedures for determining this number. 


c. Block 3 (DATE). Enter the date the reconnaissance was performed. 


d. Block 4 (TIME). Enter the time the reconnaissance party arrived at the target site (local or 
ZULU time). 


e. Block 5 (RECON ORDERED BY). Enter the command authority authorizing the 
reconnaissance action. 


f. Block 6 (PARTY LEADER). Enter the name of NCOIC or OIC of the reconnaissance party 
who was physically at the site when the reconnaissance was performed. 


g. Block 7 (MAP NAME, SCALE, SHEET #, and SERIES #). Obtain this information from a 
map of the reconnaissance area and enter the information in this block. 


h. Block 8 (TARGET AND LOCATION). Enter a brief description of the target and the distance 
and direction from an identifiable landmark (railroad bridge, crossroad, hilltop, and so forth). For 
example, “Target is 275 degrees, 300 meters from the railroad bridge, 2 miles east of Hanesville, 
on Route 2.” 


i. Block 9 (TIME OBSERVED). Enter the time you last saw the target as you departed the site. 
j. Block 10 (COORDINATES). Enter the complete 8-digit map coordinates of the target. 


k. Block 11 (GENERAL DESCRIPTION (attach sketches)). When applicable, include the type 
of construction, width of the roadway, number of lanes or tracks, type of pavement, number of 
spans, condition of spans or entire bridge, and bridge categorization and classification. For example, 
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"Prestressed-concrete T-beam bridge, four simple spans supported by six concrete columns, two 
lanes; total bridge length is 140 feet; roadway width is 30 feet; overall bridge width is 36 feet; height 
is 16 feet; Class 80; very good condition.” 


L Block 12 (NATURE OF PROPOSED DEMOLITION (attach sketches)). State the expected 
amount of destruction and the priority for placing charges, if feasible. Provide a sketch showing 
the number and type of charges to use (tamped or untamped), where the charges should be placed, 
and the type of firing system required. 


m. Block 13 (UNUSUAL FEATURES OF SITE). Include any special features of the target or 
site that might affect the method of demolition (high-tension lines, radar installation, underwater 
blasting, and so forth). Give any details that may affect the security of the target and the demolition 
work party. 


n. Block 14 (EXPLOSIVES REQUIRED). Indicate the types, quantities, caps, detonators, and 
so forth proposed for the demolition. 

o. Block 15 (EQUIPMENT AND TRANSPORT REQUIRED). Specify the amount and type of 
transportation required (for example, two 5-ton dump trucks, one ram set with 50 cartridges, two 


post-hole diggers, two demolition sets, 10 pounds of 16d nails, twelve 8-foot 2 by 4s). Comments 
may be continued on the reverse side of the form. 


NOTE: Troops may not ride in vehicles transporting explosives. 


p. Block 16 (PERSONNEL AND TIME REQUIRED FOR:). Complete subsections a and b, 
indicating the number of personnel and amount of time necessary for placing the demolitions. The 
distance between the firing points and firing systems will be a consideration for determining the 
amount of time necessary to arm and fire the explosives. 


q. Block 17 (TIME, LABOR, AND EQUIPMENT REQUIRED FOR BYPASS; SPECIFY 
LOCATION AND METHOD). Specify the equipment necessary to clear the site after demolition 
and the available bypasses that allow units to bypass the site. Comments may be continued on the 
reverse side of the form. 


r. Block 18 (REMARKS). Include any appropriate remarks that are not covered in Blocks 1 
through 17. Comments may be continued on the reverse side of the form. 


s. Block 19 (ADDITIONAL COMMENTS). Use this block as a continuation for Blocks 1 
through 18. Identify the block being continued. 


F-3. Instructions for Sketches. Use the following instructions and the sample form shown in 
Figure F-2 [pages F-38 through F-42) to complete the necessary sketches for DA Form 2203-R. 


a. General Description Sketch. This sketch should include— 
- The avenues of approach to the target and possible bypasses in the vicinity of the target. 
Indicate route numbers and the direction of cities or towns. 
- Rivers or streams including name, direction of flow, and velocity in meters per second. 


- Terrain features, including observation points, cover and concealment, swampy areas, 
deep valleys, and so forth. 


FM 5-250 


A compass arrow indicating north (indicate grid or magnetic). 
* Dimensions of the proposed target. 
- Number and length of bridge spans. 
- Height of the bridge from the ground or water. 


b. Nature of Proposed Demolition Sketch. This sketch should include- 


- Dimensions of members to be cut. 

e Placement of charges 

- Charge calculations. Use either the formula or table method, but show your work. 
* Priming of charges. 

- Branch lines. 

- Ring mains. 

- Firing systems. 

- Firing points. 


F-3 
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(Security Classification) 


ORDERS FOR THE DEMOLITION 
(USAEREUR Reg 525-2: STANAG 2017} 


INSTRUCTIONS FOR PREPARING THIS FORM 
i. Paragraphs 1-9 are to be completed, placing a cross in each box where applicable. 


ii. Copy No 1 is to be issued to the Demolition Guard Commander and Copy No 2 to the Firing Party Commander. Copy No 3 is retained by the 
Authorized Commander. If there is no Demolition Guard, Copy No 1 is issued to the unit providing the firing party. 


iii. If the Demolition Guard Changes. a new form should be issued. 


ORDERS TO THE DEMOLITION GUARD COMMANDER 
iv. You are responsible for: 
a. Command of the Demolition Guard and Demolition Firing Party. 
b. The security of the demolition site from enemy attack or sabotage, and the control of traffic and refugees at the demolition site. 
C. Giving the order to the Demolition Firing Party Commander in writing (para 10 of Copy No 2) to change the State of Readiness. 
d. Giving the order to the Demolition Firing Party Commander in writing (para 13 of Copy No 2) to fire the demolition. 
e. Keeping the Authorizing Commander informed of the operational situation at the demolition site. 


. The Demolition Firing Party Commander is in technical control of the demolition but you must ensure that he keeps you informed of all 
action he takes. Your command post should be co-located with the firing point if possible. 


vi. You are to find cut from the Demolition Firing Party Commander the time required to change the 
to State of Readiness 2 (ARMED), pass this information to the Authorized Commander an 


vii. You are to nominate a deputy forthwith and compile a seniority roster. You are to ensi 
understands his duties, and knows where to find this form if you become a casualty : are ul 
al 


= 


olition from State of Readiness 1 (SAFE) 
it in para 103. 


man knows his place in the roster, 
sent. The seniority roster must be 


made known to the Demolition Firing Party Commander. 


vs bea 


viii, Once State of Readiness ? (ARMED) has heen ordered, either vou or your deputem 


Ji. VUS Cam ew Vi RESUDIDE ma seen UE USSR ` 


passed immediately to the Demolition Firing Party Commander. 


ix. in the event of a misfire or only partially successful demolition, you a 
has completed the demolition. 


. If you are ordered to hand over the demolition to another unit w 
handed to the new Demolition Guard Commander. Areceip 
completed on the old form which you will retain. 


When the demolition has been completed, you ar 


nd nost so that ordarccan ha 
NV Sand post so that orders can be 
j y protection until such time as it 


allistobecompleted and the new form 
a new form has been issued, para 11 isto be 


* 


xiii. You are in technical charge of the 

xiv. The Demolition Guard Commander 
a. Tactical command of alt troops at tite j Du are therefore under his command. 
b. Giving you in writing (para 10) the ord 
c. Giving you in writing (para 13) the order D he demolition. 

xv, You are to consult with the Demolition Guard Commander over the siting of your firing point, which is ta be co-locate 
post whenever practicable. It should be within sight of the target. 


xvi. You are to nominate a deputy forthwith, and compile a seniority roster. You are to ensure that each man knows his place in the roster, 
understands his duties, and knows where to find this form if you become a casualty or are unavoidably absent. The seniority roster is to be 
made known to the Demolition Guard Commander. 


xvii. You are to complete para 10e of the form and to report this information to the Demolition Guard Commander, if provided, otherwise to the 
Authorized Commander. 
xviii. Once State of Readiness 2 (ARMED) has been ordered, either you or your deputy must remain at the Firing Point. 


xix. When there is no Demolition Guard and you receive orders to fire the demolition other than those given in para 5, you should refer to the 
Authorized Commander or to your immediate superior. 


xx. If you are ordered to hand over the demolition to another unit without the issue of a new form, para 11 is to be completed and the form 
handed to the new Demolition Firing Party Commander. A receipt is to be issued and retained by you. If a new form has been issued, para lis 
to be completed on the old form, which you will retain. 


i. When the demolition has been completed, you are to report its effectiveness to your Unit Commander by the fastest means available, and 

return Copy No 2 to him with para 14 completed. If there is no Demolition Guard, the Unit Commander must pass the results and the 

comp eted Copy No 1 to the Authorized Commander. lí mines are laid, they are to be reported and recorded on a minefield record (STANAG 
). 


a 
= 
E 
> 
= 
a 
" 
o 
3 
3 
i 
3 
[3 


> 
E 


2 
vine juss: tied 


(Security Classification) 


Figure F-1. Sample target folder 


F-4 
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FM 5-250 


(Security EE 


a A 
DEMOLITION ORDE COPY NO = OF 1 
SERIAL NO ‘coy —— 
1. Demolition Guard Commander 


from. John P. Some th o ben, 459 2. Demolition Faring Party Commander 
2 Retained by the Authorized Commander 


1. Demolition Target Details: | 
y* š Le 
a. Description .. SS AECL TE ‚Arch. Bes ets Es lam wee peter geh ies eure 
b. Location (grid coordinates) Aw x TERN. een eene 
c. Target nickname. number, or code 
(Ail orders are to be prefixed by target identifying nickname, number, or code) 


d. Technical instructions `... 


2. Executing Units: 


a. Demolition Guard ........................,.,... 
b. Demolition Firing Party ..............,.... 
3. Orders to the Demolition Firing Party Commander 


a. The demolition target is to be prepaged Vo 


b. ARAI other orders will be issue 
in Part Il. 


c. D There is no Demoliti 
orders received in P 
(Only one box dt be 


4. Orders to the D 
Your respo 

the orders red 
5. Demolition is to be fj 


a. immediately upd E prepared.. 

b. Upon receipt of code in para 8c by radio. 

c. C Upon receipt of the order from the Authorized Commander or his Liaison Officer personally. 

d. (Other orders) `... 
6. Emergency Firing Orders 


a. rou will NOT fire the demolition except as ordered in para 5. 


b. C) You WILL fire the demolition on your own initiative if the enemy is in the act of capturing d. 
(Only one box is to be crossed) 


7. Orders other than for firing will be given: 


a. C By the Authorized Commander personally. 
b. C By the Authorized Commander s Liaison Officer personally. 


c. By radio. 
€ D e eg s ERO PPS E VUE dee e bet Ing (other means) 


i à T 
Lin a Nase tte A 
(Security Classification) 


Figure F-1. Sample target folder (continued) 
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H ls lace Lad 
iSecurity Classification) 


8. Code 


à. Change from State 1 (SAFE) to State 2 (ARMED) 


Y 
4 
b. Change from State 2 (ARMED) to State 1 (SAFE} 
| ZH 
c. Fire the demolition now Dé 
zueneen A 
d Para 3b cancelled, para 3c applies 
a cas, pas O 3 Mid 


e. Para 3c cancelled, para Ib applies 


f. Para 5c cancelled, para 5b applies 


g. The Authorized Commander is changed to 


9. Authorized Commander 
— ey 
Signature Sog 


Appointment es Ben 


: fange from State ot Readiness | (SAFE) to State of 
utes. 


b. 
State of wu», Date/Time Group of: 
Readiness Ordered Receipt of Order Change Completed 


11. Handover and Takeover of Demolition Target: 


1] N CoA 


LE ál 
(Security C ese 


Transferring Commander 


Accepting Commander 


Figure F-1. Sample target folder (continued) 


F-6 


SE 


Une Tas t Fed 
(Security Classification) 


12. Record of Other Changes to Part I (if any) 


(Rank, name, unit) d 
(Date/Time Group) ............................ 


f {or enter date/time group of receipt of code i 
TN 
14, Demolition Report 


RunwaPwRailway 
Estimated width of gap 
No of spans down ... 
€. Other target 
d. Mines laid: 


Sketch 


Signature 


(Security teten) 


Figure F-1. Sample target folder (continued) 
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Annex/angexe "Ar (DofA) (MdeA) to/aw STANAG 2123 
Anhang "Ar (DofA) zum STANAG Nr. 2123 


IMATO-CONFIDENTIAL on completion | +NATO-RESTRICTED 
OTAN-CONFIDENTIEL une fois remplie «DIFFUSION RESTREINTE 


VS-VERTRAULICH VS-NUR FÜR DEN DIENST- 
AMTLICH GEREINGEBALTEN "GEBRAUCH 


pach Ausfüllen ab Alarmnaßnahne 


OBSTACLE FOLDER 


CARNET D'OBSTACLE 
SPERRHEFT 


Type d'obstacle 


Art der Sperre 


ta IÓN I 
AS hs 3] 
NANA 


DRINGLICHISIT 
1.++Bofort-MaSmahae 
2.++Reserviert 


Serial number De: 


Numero d'ordre 
ses 


Conv Eramnlaira Ausfertienns 


Eu FE Be DE 


NOTE Anmerkung 


+ Whea blank 
Bi laisse em blanc 
Wean unausgefüllt 


Strike out item not applicable 
Rayer la mention inutile 
Nicht sutreffendes streichen 


Delete the term MOT used 
Barrer la sention NON utilisée 


Figure F-1, Sample target folder (continued) 


F-8 


FM 5-250 


NATO-CONFIDENTIAL on completion 
OTAN-CONFIDENTIEL une fois remplie 


VS-VERTAULICH 
AMTLICH GEHEIMOEHALTEN 


(1) PHOTOGRAPH OF TARGET PHOTOGRAPHIE DE L'OUVRAGE 
FOTOGRAPHIE DES SPERROBJEKTS 


: "q.s Cp: 
RS . AR Ten RT 


DESCRIPJTON DESCRIPTION BESCHREIBUNG SE 


“añicate direction of view Indiquer direction 


Richtung, in der das de prise de vus 
Objekt gesehen wurde, 
einzuzeichnen 


MAP NAME AND SCALE NOM ET ECHELLE DE LA KARTENBEZEICHNUNG UND 
CARTE MASS -STAB : 


as esvillé (^36, 900 


GRID REFERENCE UF COORDONNEES DU 


KOORDINATEN DES 
TARGET DISPOSITIF 


OBJEKTS 
Wm 91109135 


Figure F-1. Sample target folder (continued) 
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NATO-CONFIDENTIAL on completion 
OTAN-CONFIDENTIEL une fois reaplie 


VE-VERTRAU LICH 
AMTLICH GEHEIMGEHALTEN 


nach Ausfüllen 


EMPLACEMENTS DU 
DISPOSITIF ET DU JEKTS UND 

CENTRE DE RATTACHz- |MUNITIONS- 
MENT (PRESTOCKAGE).|LAGERPLATZ. 


Mal LOCATION Oi 
TAÁRG.T AND 
PRESTOCK POINT. 


LAGE DES OB- 


22M y whe 


17 


o i SED, 
= SI] O 3 


AN 


TAI 
NES 
AN 


SSA Y 


O NEWBURG 12 KM, 


a 
wo 


ES] 
«38 


Figure F-1. Sample target folder (continued) 


F-10 


~ 


Sv 
LY 


Figure F-1. Sample target folder 7 Figure F-l. Sample target folder (continued) ` 
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NATO-CONFIDENTIAL on comp letions 


A li 


vean-CONFIDENTIEL une fois remplie 


VS-VERTRAULICH 
AMTLICH OBESIMGEHALTEN 


nach Ausfüllen 


(1b) LOCATION OF 
TARGET 


EMPLACEMENT DU 
DISPOSITIF 


LAGE DES 
OBJEKTS 


R : AD 


< DEX SC E LC au 
E / 3 Y S VE (EX = js SE E > AY ES FR RO S = A Nez, 
Tae C x < ON e) Le ` x | 
AS Ve SANZ E 


We I 
LS à 


dr e 


S : == ANT Re y 
e een Se 
fX Mem 26e, DS Eee j 
: TE ER RE it e Se A 
e CEA, SE, 2 CC FEES ; Ld 
E^ NU ; Ts, 
# 
ECHELLE i i 


Eu yA 


Figure F-1. Sample target folder (continued) 
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NATO-CONFIDENTIAL-on completion 


OTAN ON YA 
VS-VERTRAULICK 
AMTLICH GEHEIMGEHALTEN 


(2) SUPPLY OF APROVISIONNEMENT DU VERSQRGUNG MIT 
EXPLOSIVES AND CHANTIER DU SPRENG- UND 
STORES FOR TARGET DISPOSITIF ZUNDMITTELN SO- 

WIE GERAT FUR | 
,DAS OBJEKT 

1-PRESTOCK POINT. ENTRE DE RATTACHEMENT MUNITIONS- | 
(PRESTOCKAGE) | LAGERPLATZ 


EMPLACEMENT: Voir 


LOCATION: See maps 
cartes pages 5, 6, ? 


pages 3, 6, 7 


LAGE: Siehe 
Karten Seite 


3, 6, 7 
2-TRANSPORT required VEHICULES Erforderlicher 
nécessaires Transportraum 


TRUCKS 
of 


3-ROUTE: 


Ge rey z é Siehe Karten 
e. X Seite 3, 6, 7 
b -Approxi ISTANCE approximative Ungefähre ENT- 
DISTANCE fr entre centre de ratta4 FERNUNG vom Mu 


hement (prestockage) | nitionslager- 


t dispositif. platz zum 
Objekt. 


Prestock po 
target 


e 
+ 
- 
D 
3 
a. 
> 
H 
DI 
D 
D 
A 
b 


5-Explosives and stores Explosifs et matériela Erforderlich 
required: see page 9 basis Voir Sprengmittel | u. 
age 9 Gerat: Siehe 
Seite 9 
6-Storage location ieu de stockage des Lagerort 
of additional Lean de mise en zusätzlicher | 
barrier material euvre supplémentaires Sperrmittel 


Figure F-1. Sample target folder (continued) 
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NATO-CONFIDENTIAL on completion 


QT AR-CORTTIDEN une fois remplie 


Y5-VERTRAULICH 
ARTLICH GEAEIMGEHALTEN 


(2a) LOCATION op 


EMPLACEMENT DU LAGE DES 
PRZSTOCK DÉPÔT DE HUNITIONS- 
POINT MUNITION 


r 


ENT 


y 
© NEWBURG 12 XM 


D 
wo 


Figure F-1. Sample target folder (continued) 


F-14 


NATO-CONFIDENTIAL on completion 
OTAN-CONFIDENTIEL une fois remplie 


VS-VERTRAULICH 
l CH GEHEIMGEHALTE 


nach Ausfüllen 


(20) LAYOUT | PLAN Du DÉPÔT DE LAGZPLAN DES 
PLAN OF | MUNITION MUNITIONS LAG #- 
PRESTOC PLATZES 
POINT 


Marerial deca ted 


Figure F-1. Sample target folder (continued) 
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EM 5-250 


| NATO-CONFIDENTIAL on completion 
OTAN-CONFIDENTIEL une fois refiplie 


VS-VERTRAULICH 
AMTLICH GEHEIMGEHALTEN 


nach Ausfüllen 


Instructions for opening ammunition storage vault door 
Directives pour l'ouverture de la porte du dépôt de munitiond 


Anweisung für das Cffnen der Sperrmittelhaustir 


Figure F-1. Sample target folder (continued) 
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NATO-CONFIDENTIAL on completion 
OTAN-CONFIDENTIEL une fois remplis 


VS-VERTRAULICH 
AMTLICH GEREIMGEHALTEN 


2c) 


Instructions for opening ammunition storage vault door 


Directives pour l'ouverture de la porte du depot de munition 


Anweisung für das Üffnen der Sperrnittelhaustür 


Figure F-1. Sample target folder (continued) 
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EM 5-250 


Key for ammunition s:orage fac: lity 


Clefs pour la soute de suaitions 


Schlüssel für das Muni:iczslagernaus 


The bearer of this docusea- is authorised to enter the ansunitio 
site and to pick up frog 3;sxer No. .1.. the barrier material for 
Target Ne EE. . 


Le titulaire du présen: <ocssent est habilit céder au lieu 
de stockage des munitions et aprendre - d 


les accessoires nécessaires à la mis 


A 


If the keys are Ne in this obstacle folder their location 


is to be marked cl zere: 


Keys are kepr by gate guacd at PSP Alpha 


derden die Schlüssel ni--:* zn diesem Sperrheft aufbewahrt 


ist der genaue Ort hier anzugeben: 


Figure F-1. Sample target folder (continued) 
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NATO-CONFIDENTIAL on completation 


OTAN-CONFIDENTIEL une fois remplie 


VS-VERTRAULICH 
M H QEREIMGEBHALTEN 


D D & 


(2d) EXPLOSIVES, STORES EXPLOSIFS,MATERIELS BEDARF AN SPREN 
MINES REQUIRED peña NECESSAIRES | UND ZUNDMITTELN 
GERAT MINEN ; 


DEFCT DU 


MUN à 


ITEM DESIGNATION ART MENGE ESAMTGEWICHT 
(English) |(Francais) (Deutsch) i TOTAL WEIGHT 


POLN L) 


IANIT 2 
ei o | a j| wo — vxo | eine 
JEXPLOSIVES|EXPLOSIFS —— EPRENGMITIEL A ko | 


BENE 
ESI NA. LI 
MONT — 


1 


PiasticC-4 
explcsives 


reu 
D 


d@tonant 


détonateurs 
pyro techni- 


Sprengkapsel- 
zünder 


NP 


Booster Sprengschnur- 
cap 
Blasting 
machine 
(exploderj. L.......... 
Cable electCable elec- 
i i 
"Drei, . [te Fe) 


Zündkabel 
(zweiadrig) 
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NATO-CONFIDENTIAL on completion 
OTAN-CONFIDENTIEL une foie remplie 


VS-VERTRAULICH 
AMTLICH 1 HALT 


nach Ausfillen 


= 
Quarrying [Barres Brech- 
bars a nine stangen 


WEE epe YR 
Picks Kreuzhacken 


Cres Cat 


Tome | Ta 

a 

Pee kee AN 
s A 


SchAbwMi 
PzAbwMi 


TOTAL POIDS TOTAL | GESAMTGEWICHT 
WEIGHT 


Figure F-1. Sample target folder (continued) 


F-20 


(6) 
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VS-VERTRAULICH 
AMTLICH GÈHEIMGEHALTEN 


EVI 0.00 
NATO-CONFIDENTIAL on completion 


OTAN-CONFIDENTIEL une fois remplie 


(3) DEMOLITION ORDER and,or MINZFIELD RzCORD 
do not complete until after laying tne minefield 
ORDER DE MISE DE FEU et/ou FEUILLE DE RENSEIGNEMENTS 
á completer apres realisation de champ de mines 


SPRENG3ZFEHL und/oder MINENSPZRaNACH4ZIS 


erst nacn dem Anlegen der Minensperre vollständig ausf.lien 


Figure F-1. Sample target folder (continued) 
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INSTRUCTIONS PARTICULIERES EINZELANWEISUNGEN 


Ka en rr ee 


1, Time required for |Temps nécessaire Zeitbedarf fir die 
preparing and pour préparation Vorbereitung zur 


charging chargement 3prengung 


Time required for 

paseing from etate 

of readiness 1 

(SAFE) to 2 E 

(ARMED) à BICKER?) 


Fersonalbedarf fir 
b À die Vorbereitung 
preparing d g gn zur Sprengung 
charging 


for firing pour nise de feu für Zündtrupp 


4, Fersonnel required rersonnel nécessaire em 


Fr a peser) 


Organization Orgarisation du Arbeitsplan 

of work | chantier (si (falis erforaerlicz 
(attached if nécessaire) 

necessary) | 


Drawings and Plana et croquis Zeichnungen und 
sketches Voir pages 13, 14 Skizzen 
See page 13, Siehe Seite 13, 14 


Figure F-1. Sample target folder (continued) 
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NATO-CONFIDENTIAL on completion 


d y HN ' 


VS-VERTRAULICH ! 
AMTLICH GEREIMOEHALTEN 
MINES 


fa) Nuisande mines 
+ St 


MINEN 
Des mines de + MÜSSEN 


harcblement . müssen Yerlest 


PUST NOT be laid 
See sketch page 17 

(b) THERE IS + (A) large 
THERE IS + ON) 
minefield near 
(give location and 
reference of 
minefield rekora; 


Strike out words not 
applicable 


sketch page 15 


+ DOIVENT 

+ NE DCIVENT PAS 
être pensées 

+ Voir croquis 
page 17 
IL EXISTE 
IL N'EXISTE PAS 
un chagp de 
mines important 
à proximité (in 
diquer l'emplac 
went et docu- 
gente de refe- 
rence) 

Bayer la mention 

inutile 

Frencais 


raduction des in- 
scriptions parlée 


KE 


NICHT werden 


Siehe Skizze 
Seite 17 

ES IST EINE 

ES IST KLEINE 
größere Minen- 
sperre in der 
Nahe (Angaben 
über Lage und 
diesbezüglichen 
Minensperrnach- 
veis) 


tref- 


Figure F-1. Sample target folder (continued) 
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ANTLICH GEHEINGERALTEN 


nach Ausfüllen 


(3b) SKETCH OF CROQUIS DE T 
TARGET | L'OUYRAGE | | 


: SO SI De bel 5 | 
SERIE ^ REENERT Ketten 
i M d 
Un ECH SCH $ CH 
l S 


LL 
Arches 


4 Go at «Gm Tak 
ln wide 


y 


Figure F-1. Sample target folder (continued) 
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NATO-CONFIDENTIAL on comple:ion 
OTAN-CONFIDENTIEL une fois ren3lie 


VS-VERTRAULICH 
AMTLICH GEHEIMGEHALTEN 


English Francais Deuteca 
Translation | Traduction Überse-z:ng de 
of notes on |des inscrip- | Anzerkurgez af 
the sketch tions portées] der Skizze 

sur le croquid Seite 1° 


Figure F-1. Sample target folder (continued) 
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NATO-CONFIDENTIAL on completion 
OTAN-CONFIDENTISL une fois remplie 


YS-VERTRAULICH 
AMTLICH GEHEIMOEHALTEN 


(3c) SKETCH OF CROQUIS DE LADUNGS- 
CHARGES CHARGEMENT SKIZZE 
VARIA 


EL: EE L - 
(d 9 pas 3-2 Ross of der | 3 fr Diamenn 
A ZS ACTA X Lise Mars 
d d D E — LEE 
: P > | aet ja e 
rain, is 266 yke 
{ } Tor Viest 


Pinca Apt, omga Side ` 


: | 
EN ike 
! i > Dus Pere 
LN D Spur: Aiet: = 
Tolima Mares 4 Fins Ale al 
>36 
E To Line Main 


PW. | 
Arch Rings BS RW 


se 


K 
Arch To Line Main Ay 


: Rin on opposites Tom ZC TNT, 
Main 3 del 4.5 ases 

i u cy f er footer. 
L. 380 9 S Dual prime 


Figure F-1. Sample target folder (continued) 
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NATO-CONFIDENTIAL on completion 
OTAN-CONFIDENTIEL une fois remplie 
YS-VERTRAULICH 

AMTLICH GEHEIMGEHALT EN 


English Francais Deutsch 
Translation  |Traduction ded Übersetzung 
of notes on inscriptions der Anner- 
the sketch portées sur ld kungen auf de 
page 16 croquis page | Skizze Seite 


Figure F-1. Sample target folder (continued) 
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FM 5-250 


NATO-CONFIDENTIAL on completion 
OTAN- CONF I DEN" uns fois remplie 
VS-VERTRAULICH 

AMTLICH GEHZIMGEHALTEN 

nach Ausfüllen 


(3d) SKETCH OF SCHEMA DE LA HISE |ZUNDLEITUNGS- 
IGNITION SYSTEM | DE FEU SKIZZE 


Arch 
Ring 


Counter 


o Initiation Points 


Figure F-1. Sample target folder (continued) 
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NATO-CONFIDENTIAL on comp 
OTAN-CONFIDENTIEL une fois remplie 


VS-VERTRAULICH 
AMTLICH GEHEIMGEHALTEN 


(3e) MINE FIELD IF CHAMP DE MINES MINENSPERRE 
APPLICA3LZ, OR OU CHAMP DE MINES FALLS VOR- 
PROTECTIVE MINES DE PROTECTION HANDEN ODER 

SUIVANT LE CaS SICHERUNSS- 
MINENSPERRE 


required for 
lay-ag mines 


necessaire pour la| Zeıtbedarf £. 
pose des mines cas Verlegen 


Personne! and n Personnel et temps Kräfte u. 


Sketch of 


nÉcrire à la page 20 et 
enille de renseignemer.:s 


Skizze der geplanten Minensperre. 
Wenn angelegt auf Seite 20 eintragen 
und Minensperrnachweis ausfüllen 
(Seite 11). 


Figure F-1. Sample target folder (continued) 
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NATO-CONFIDENTIAL on completion 
OTAN-CONFIDENTIEL une fois remplie 


VS-VERTRAULICH 
AMTLICH GEHEIMGEHALTEN 


nach Ausfüllen 


(4a) 


TURN-OVER, TAKE-OVER OF TARGET 
REMISZ/ REPRISE EU DISPOSITIF 


Dispositif No. 


VBERGABE, ÜBERNAHME DER SPERKE 


Ob jektnummer 


Type o? *arget 


| Type a’ obstacle 


Art der Sverre 


Grid reference 


Coordonnées UTM 


UTM-Koordinaten 


Date/Time Group 
Groupe date/heure 


p 
State of readiness at time of turn. Vihke-ANeg ` 
Etat de preparation au momont del qarel We ANYO O) 
ÓN v^ 
Wor* still requirg o SE b "D or to 


prepare denolitio a 


N 
GE EE e 


toca Eë ASA Tiers | 


Figure F-1. Sample target folder (continued) 
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U~CONFIDERTI.L on Completion 


VTAN-CONFIDENTIEL une fois remplie 


VS-VERTRAULICH 
AMTLICH GEHEIMGEHALTEN 


nach Ausfiillen 


Annunition/equipment to be turned-over/taken-over 


Munition, matériels à remettre 


Zu übergebende/übernehmende Munition, Gerät 


Barrier doccumentation will remain at: 
Les documents seront gardés par: 


Sperrunterlagen verbleiben: 


(äh Meed Commander — | 
[fesponsabie de la remis 


Unterschrift 


Relieving Commander 


Responsable de la reprige 


[Berk] 


Dienstgrad 


[Unit — —] 


ER 


Einheit [Teterechrift | 


[om | 


Figure F-1. Sample target folder (continued) 
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O-CONFIDES À on Qn an 
OTAN-CONFIDENTIEL une fois remplie 
VE-VERTRAU H 
AMTLICH GEHEIMGEHALTEN 


nach Ausfüllen 


(5) DEMOLITION REPORT COMPTE RENDU DE MELDUNG ÜBER 


DESTRUCTION DURCHGEFUARTE 
SP RENGUNG 


a. | TARGET NO. DISPOSITIV NO. Objekt Nr DE 
b. | MAP REFERENCE COORDONNÉES KOORDINATEN MEE 


c. Demolition was La mise de feu E Ce 


fired at a ete faite à erfolgte 


d. Extent of damage 


Resultats 
(1) In case of a 


Width of gap 


wen e der Unterbre- 
........ Meters 


chung . 


ssssses.s ll 


Anzahl der herabge- 
fallenen Strecken 


une route 
piste: Dimen- 
Bions, profondeur 
et emplacement des 
entonnoirs: 


(2) Auf einer Stra 
Be oder Rollbahn: 
Größe, Tiefe und 


runway size, 
and location 
craters: 


(3) Mines laid, (3) Minea postes, (3) Anzahl und Art 

type and type et nombre verlegter Minen 

number 
AA INNEREN ASIS EAS 
——————————M———————————— 
—Ó—ÁáÁ———— I ——M——————————————————— 
(4) Any other (4) Autres ren- (4) Sonstige | 

details seignements 


2804449... o |- ee eremen te «|. ammerrungen < | : < — 
a 
gege 


Figure F-1. Sample target folder (continued) 
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on | NATO-CONFIDENTIAL on Completion | € 


D E CO IDE A VL] DENTIEL une fois remplie 


VS-VERTRAULICH 
AMTLICH GEHEIMGEHALTEN 


nach Ausfüllen 


(5) SKETCH showing | (5) CROWUIS mon- 
effect of demo- | trant les effets 
dition and loca-+ de la destructio 
tion of mines et emplacement d 
(if applicable) | champ de mines 

{s'il y a lieu) 


(5) Skizze über 
das Ausma der Ze 
störungen und Lag 
der Minen (wenn 
verlegt) 


es | en 


E DESTINATAIRE Unterschrift 


Figure F-1. Sample target folder (continued) 
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TABLE CF CONTENTS 
Target Identification 


Photograph of Target 

Map of Target, Prestock 
Point and Route between 
Map of Target, Large Scale 
Prestock Point, Transport 
required Route, Travel 
Distance, Explosives, 
required, Data 

Map of Preatock Point, 
Large Scale 

Sketch, Layout Plan of 
Prestock Point 

Ammunition Storage Facility 
(Authorisation, Keys, Opening 
instructiona Paga 
Explosives Stores, 
Mínes required 
Demolition Crder, 
Minefield record 
Special Technical 
instructions 

Sketch of Target 
Sketch of Charges 
Sketch of Ignition § 
hinefield 

Wand -over/Takeag 
Demolition RA 
Official Si 


INHALTSYERZZIS 


Identifizierung 
Sperrobjekts 


Page 
Page 


Page 


Page 
Page 


Page 


Page 


Fotografie des Sperrobjekte Seite 
Karte des Objekts, des 
Munitionslagerolatzes und 
des Marschweges zwischen 
beiden 

Karte des Objekts in grofea 
Madstab 

tunitions-Lagerplatz erfor- 
darlicher Transportraua, 
Marschaeg, Entfernung, cr= 
forderliche Sprengeifttel 
Kacte des Munitilons-Layere- 
platzes in großem Mafjstab 
Lageszizze des Munition 
-Lagerplatzes 
Munitionslascrhaus(Uf fnungs- 
anweisung, Ser2chtigungs- 
nachweis, Schlüssel) 
irforderliche Jprengmittel, 
Serät und Ninen 


Seite 


Seite 


Seite 


Seite 


Seite 


' Spreagbefonl/Kinensperr- 


nacnweis Seite 
Technische „inzelanwri- 


Bunsen Seite 


Figure F-1. Sample 


Front 
Cover 


Seite : 


TABLE DE MATRES 
Ideatification du 
dispositif 


2 11) Photographie de 
3 l'ouvrage 
\ta)Carte montrant 
$ l'ecplacement du 
dispositif et du centre 
de rattacheseat (préstok- 
kege ainsi que lé 
6 chemin entre los deux Page 
(1b)Pisa du dispositif 
7 à grande échelle 
(2) Centre de rattache- 
8 ment (préstockage), 


Page 


9 
12 


eater’ de rattache- 
nt (préstockage) 
Dept de munitions 
(permis, directives 
d'ouverture, clés) 
(24)Explosifs, matériels 
mines nécessaires 
(3) Ordre de mise de feu 
et/ou feuille te 
renseignementa 
i3a)Consignes techniques 
perticuliéres 
(3b)Croquis de l'ouvrage 
(Tc)Croquis de chargement 
(3d)Schésa de la nise en 
feu 
(3e,Chaaps de mines te 
harcèlement 
; Procédé ce remise 
; Sompte-rendu de 
destruction 
Sigarture pour 
anoliation 


(3b) Trannscanittszisze 

(3e;Laduni;,skizzo 

(dd Zündleitungzckizze 

(3ejSrärminensperre 

(V) Yoergide/loernahne- 
verhindlungen 

(5) Helduny Uber durch“ 
seführte Sprengung 

(6) Unterschrift 


target folder (continued) 
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BI N 
CTAN-CONFISENTIEL une fois replies 


V3-VERTRAULICH 
AMTLICH GEZZIMGEHALTEN 


1. Pages 3; 7-12; ‘tk can be detached from the target folder and handed to the 
soldier detailed to pick up the barrier material. 


2. The commander of the closing/executing unit will use pages 29/30 to report 
the results to his iamediate superior. 


Reserques: 

1, Les pages 3; 7-12;14 peuvent être retirées du carnet de dispositif de 
destruction prepar&e et remises au responsable de l'enlévesent des explosifs. 

2. Le chef du détachement de protectioa/de mise à feu enploiera lea pages 29/30 
pour faire rapport à son chef immédiat. 


Anmerkungen: — 
1. Die Seiten 5; 7-12;1% können dem Sperrheft entnommen und dem Soldaten iiber- 
geben werden, der die Sperraittel abholt. 


2. Das Ergebnis ist von Führer der schließenden/auglösenden £inheit/Teileinheit 
mit Seite 29/30 an den unmittelbaren ua. zu melden. 


TARGET folder completed by CARNET dí : ab rrheft aufgestellt 
par AN rch: 
pre fu AN OSA 


Brarecal Grec ory 


ee DES NS TIA NECI CHE 
IA NE lo Mach 92 


Dienay Deslgne 
= Le Top) oe TE Que 


Brown David Cer À &- 157% E e Bn 


Senn Lossen | | oee [on | 


Folder reviewed by Carnet controlé par Sperrheft geprüft 


CRETE 


Figure F-1. Sample target folder (continued) 
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DEMOLITION RECONNAISSANCE RECORD 


For use of this form see FM 5-250; the proponent agency Is TRADOC. 


SECTION [- GENERAL 
| NAMEANDRANK | AND RANK | ORGANIZATION | 


A TEC (ge — 
VIEWS IDR ICE TE PE TA 


AN GENERAL DESCRIPTION: Att 


Type Construction Other Data Condition | 
Rerum 
umber of Bridge Spans 
lumber of Lanes 
Ee Class We 
Steel 


TURE OF PROPOSED e he (Attach sketches.) 


Ex Tuc | 
Gi Sg de > ro c 


n TIME en A | 13, Are FEATURES OF SITE: 
h High Tension 
Radar Installation 
Underwater Blasting 


AND LOCATION 


we d Bridges 


SECTION H. ESTIMATES 


d 18, EQUIPMENT AND TRANSPORT REQUIRED (Examples: 

| Determine availability of Items 14, 15, and 16 before conducting reconnaissance. | trucks, ram sets and cartridges, demolition sats, post-hole diggers, 
| nals, adhesives, tape, sandbags, and lumber.) 

| NOTE: Troops may not ride in vehicles transporting explosives. 


peu ON 
| Demo Sets = 
aed T o | 
Rsk he ed ie S (100 +) | 


bracia 
ELT | EA | Së lumber d 
Les 


ES AAA 


TNT, 1/4-L8 
TNT, 1/2-LB 
TNT, 1-LB 
TNT, 2 1/4-LB 


m UNT TYPE MISSION 


MATERIAL REQUIRED ISSUE CRATERING OTHER/SPEC PURPOSE | 


| Electric Caps 


[nioneiectis Caps 


t Detonating Cord 


m 
4 


Ba Fuse 


s|a]a]s|| Bs 
Q 


nl 
2 
A 
8 


ENL 


ES D 


DCS 9771577? 
Eeer SIE 


17, TIME, LABOR, AND EQUIPMENT REQUIRED FOR BYPASS 
(Specify location and method. Specify equipment to clear the site 
after demolition and the avaliable bypasses that allow units to 
bypass the 


Sahl bypass” FH bridge am 
us Piney Den Is | 


f prm 


E 
® 
ei 


dE 


Di 


Lep 


NN el ou pam 

E a eges ab dene sde di d 
oa] TS eh TZ EE, 
EE | 
ES mox |: Lies He rate 
| Corner or bridge and “eh | 
[Would enhanee olslae 


land. sba down He enemy ¿ 


= 
il 


"1 


Edition of Aug 70 is obsolete. 


DA Form 2203-R, MAY 92 


Figure F-2. Sample DA Form 2203-R 
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15. EQUIPMENT AND TRANSPORT REQUIRED (Continued 

Rope 4" Coco") 

Hommv (| -for transport of caps) 

a T. Carga U- pee transp et of dem) 

Squad Anal Ci- tor Frans gor? ob troops). 


17. TIME, LABOR, AND EQUIPMENT REQUIRED FOR BYPASS (Continued 


o bridge qt ste 
Im ftove age roach ; 


| docet, | bucket los der 3,5 hours +o clear an 
2. erch bays. 


Ribbon Bridge Assembly g 10 interior bay, 
30 minodes MATE - leompary, 3hwrs 


19. ADOITIONAL COMMENTS (Specily block) 


ant: id ib over Bi H. Rivet, Near dox - 
lock 9 c rt Soin, UE q 4 


let 13 cont. Ant “sel dd (wheel only) on ess vide ¿le 


ridge. 


PAGE 2, DA FORM 2203-R, MAY 92 


Figure F-2. Sample DA Form 2203-R (continued) 
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VAI, TO 2-44 DIRECTION 


| HULL TOP 


GENERAL DESPPTION H ES 


i 
I 
| 
| 
! | 
x | | : POTENTIAL 
DG ; FORD STE 
BiG PINEY RIVER i : : 
vm sem E I Bars’ In DEPTH (SEASONAL) 
ABEL ME 
IE 
| LOODED AREA 
| | | 
(In 
WOCDED AREA | i | 
BRS : 
EBIE 
TOTAL LENGTH OF BRIDGE | | INS A 
194.7 m N 1 NTIT, 
| à: n AAT IPERCPNNEL 
ROAD WIDTH CURS - TO- CURB tE GAN MINEFIELD 
Sen Ceac END) CRS E 
^ eR ÿ (OPEN FIELD) 
= NS y 
ANNIVENICLE \ Y 
Du | | NS | j y 
Gel PEE E. 
| | WA fe | » 
1 
ag E 
b i 
E 


EE 124 
— lim ipM Fre Som — 3£^ Be 
SRN a lp A LL E e : 


tL 4 hen US 
Mr rr o rt DTH 
CURS -To- CURA 
ISMETERS 


ARCH SUPPORT PIER FOOTINGS 
Pick BY IZ" WIDE 


VIEW FROM NORTH-WEST SIDE. 


BACH ARCH 18 ii Toc. 


Figure F-2. Sample DA Form 2203-R (continued) 
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4— C-H on Arch 


Charge Placemen+ 


&- Counter Force 
on Supports 


Counter Force 
On Support 


Two cases CN Centered 
between 2704 and ard 

intermediate supsert, 
PLACEMENT OF TNT 

OM ARCA FOOTER (MER): 


TE CASES PLACED on 
SS Sows, CONERLD 
on EES, 


WEE, SUPPORT S 


CODITERS CECE CULES 
Tea PACKS on EACH 
SIDE of TUE SUPPORT 


Figure F-2. Sample DA Form 2203-R (continued) 
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METHOD OF PRiming- 
ard 


Charo e Caleu lations 


ARCH Rias 


BRINSH 
Juncos 


INTERMEDIATE SOPPOET ACA RINGS Fecm Ma 
LUSE COVATUEFORCE CHARGE) (USE CONCRETE STRUIPPI USE BREACHING FORMULAS pores 
J| CRITICAL DIMENSIONS | SPET 15 Sina" j, CRITICAL OMES 1, CRITICAL DIMENSIONS 1 PEZIS 24 ar q” 
1-88 wok SY. 


1. ROLE TOE THs CUVE LOS TER FOOT) 

VAS: 45 LES OF cu Ceu gEIOPED) 2. 
3, DIDE BY er: er EC M 

NO CONVERSION REQUIRED. 

15 CALCULATED IN cM 


A. SOLNE FOE. SINGLE CHARGE PACKAGE t 
4,9 + 1,25 (PEA) 3.6 d vd PACKAGES s, 


E. NUMBER CF CHARLES: Y SUPPORTS 


Z. SAME FOR TNT: Es! 315: 34$ 
K FOR RÉMIOECED CORRE Tor e Sal 
C FOR ELEVATED UNTALAPED = Lë 
SAS, Sn « 335.54 


3. Onıde UY Re: (LE eet TNT « 4) 
233.39 + (> 335.59 


4. SOUVE FOR Sin CHARGE PACKAGE: 
$35.45 4 p (rus Pax op Tur) s. 333.39 
335.54 2 T 334 PACKAGES 

b. TOTAL REQUIRED 1 (STEP 4 x STEP &) 5. NUMBER CF CuARWES = L| Deg, 

PACKAGES x Y SOPORTE = 37 PACKAGES 

lo. TOTAL FTU AE EE * STEPS) 


A ALT 
NRED: (STEP dx STEP BS) EX *22. arcs 
PALACES z + ca 
KBC (Z26ASES 23 ? ^ 7 SS 


1@ cases 


Figure F-2. Sample DA Form 2203-R (continued) 
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Appendix G 
Explosives Identification 


G-1. Purpose. The purpose of this appendix is to provide a quick reference for demolition materials 
common to combat engineering. The following is not a comprehensive list and is subject to change. 


G-2. Demolition Materials (By Item).Table G-1 lists materials by type, item, status, national 
stock number (NSN), and Department of Defense identification code (DODIC). To avoid problems 
when requesting materials, use current supply publications. 


Table G-1. Demolition materials 


[e o M TE 
EE 
pre [wsororens | mor 
i, Fon Venen | Uwe [errooweeer | mean | 

Mi, Gomme | Lwe harmoosessans | west 

qu Gosschena — | we 00 87-3807 | mon 
[uso Ir, conso TON EZ 
Wind | tee CU WS 


Nonelectric 
Blasting Caps 


Firing Devices 


iia E M5, Pressure-Release | Live |1375-00-028-5190 M627 
| and Bodies |M142, Multipurpose | Live |1375-01-040-1526 | MLO3 


M122, Device 1375-01-021-0606 | MLO2 | 
M1, Delay 1375-00-028-5175 | M616 
Coupling Base 1375-00-699-5236 | M327 


| Destructor ` ag, Universal [ Live [1375-00-028-5171 M241 | 
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Table G-1. Demolition Materials (continued) 


te Status | _nsn [one 
Military Explosives 

TT [Heron | te [97500295140 | vou | 
| A | Lwe [87590025142 | Mosz | 
| Compostion ca MSA te [i97500028-5148 | ox | 
me | twe Dësen | mono 
[Dynamite [M Live [197500249613 | MBO 
| Special-Purpose Charges 

Grieg Charge 40-Pound | ive [2975009285145 | Moss - 
MERE IS Pound | te ës | mazo | 


me | 


Kassa Charges |M3, 40-Pound Live 11375-00-088-6691 | M421 

40-Pound Live |1375-00-630-3074 | M992 

Demolition |M183 Live |1375-00-926-3985 | M757 

Assemblies — wa: Live |1375-00-028-5245 | M756 
Bangalore Ma | Live |1875-00-028-5247 | M026 | 

Torpedos [M142 Live 11375-00-926-1948 | M028 

M157 Live |1375-00-729-4632 | M444 

M173 Live |1375-00-812-3972 | M443 


molitión Kits MER? | inert |1375-01-125-6521 | M914 | 


|MICLIC, Rocket | Live |1340-01-118-2838 | J143 
[M180 | Live |1375-00-148-7159 | M965 
M270 | inert |6920-01-087-0038 | — | 
M117, Flash 1370-00-028-5256 | L598 
M118, Illuminating 1370-00-028-5257 | L599 
M119, Whistling | Live |1370-00-028-5255 Lem | 
Hand Grenade 1370-00-752-8124 | L601 
| M18, Green | Live |1330-00-289-6851 
| Smoke Grenades M18, Yellow | Live  |1370-00-289-6854 G945 


(Demolition Kits) 


—Ó— 


| 
| Projected ` M58A2/4/5 Live 11375-01-133-4189 | M913 
| 
| 


Boobytrap 
Simulators 


M18, Red | Live |1330-00-289 6852 | G950 
M18, Violet | Live |1330-00-289 6853 | G955 
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Table G-1. Demolition Materials (continued 


) 
tem [Saw | NN [Don 
Ee | tke [885005254978 | Kerr | 
M700, rima Fuss | te Jeeseesa | MES | 
DeonaingCod | te [59750696500 | mu | 
Priming Adapter essseag | mooz | 
gap der — | — frersonsaoanos | mies | 
Me, Compas —— kaal — | 

BicxSUBaey | te ease) — - 

i ine, 10- | Live |1375-00-782-5541 NEM 

| Live |1375-00-985-9173 | — | 

| [ue sonas | — | 

NEN 

DEAN 


L Type 


D 
Di 
SE 
gë 
à 
= 
Ó 
px 
5 
® 
— 
o 
OJO 
BIS 
o 


U 
m 
2 
< 
m 
O 
= 
5 
o 
sch 
o 


, 


1375-00-567-0223 
DR8, Reel | — |8130-00-407-7859 


o|o 
o | 8 
2/2 
zz 
ID 
2, | =. 
2|2 
D | © 
=/= 
© | CO 
PIDN 


D 
© 
[Te] 
> 


J 
T 

o 
O 
tb 

(SA 
o 

Q 
© 
© 
Sé 
e 
> 
A 
© 
kid 
œ 
Qo 
A 
[de] 


£o 
= 
Q) 
= 
= 
Q 
= 
e 


ing-Cord Clip 


Oo; mim 
oO | © 
o.9|9 
3]; 313. 
=] 
Q|=|- 
ojo 


6145-00-284-0394 | — | 
1375-00-212-4602 | — | 


US Mines 


Live |1345-00-028-5108 | K121 | 


| Live |1345-00-965-0742 | K092 | 

ENNUNCIILCBSNTN 
[ Uwe 130500710048 | Ks | 
| ine ss oo senos ve | 


= 
S 
E 
"U 
Et 
2 
o 
© 


Antipersonnel 


SIS 
— | — 
oO | © 
>| > 
ND | = 


JH HE 
Co 

©} > 
CT | m 

( 

3 

© 

gp 
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Table G-1. Demolition Materials (continued) 


Le T tem [Sew | NSN EE 
Mg RENE |KO 


79 


Antitank 


| Practice |1345 00-182-3148 | K233 | 
M23, Chemical | Live |1345-00-542 1580 | K257 


CS MS (ETE — — 
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G-3. Demolition Materials (By DODIC). Use Table G-2 to cross reference demolition materials 
by DODIC. Materials are listed by DODIC in ascending order and by nomenclature: 


Table G-2. DODIC index for demolition materials 
RRE 
"vs aa AT Mio, rei Lee [Fuzo, AT Mine, Disp, mse | 

Acivao, ATMine, wa | 087 ben | 


| 


| 


Fring Devic, AP Mino, wis Lee Me AP, Precice, MB | 
Buswimeday Me mg Weem | 


x 


Disp ana Wie, Ara MES — | ps aus | 


wer [orties [tu ane emen 
K028  |Chg, Mine-Ejection | K145 Wee AP,M18A1 | 
K031  |Primer-lgniter, AP Mine, Fuze, M10A2 | K150  |Mine,AP, Iner, M16 | 


I 
C hn Snstina P Mine An KAR1 GEMSS AD MTA 


IM; VIG; VIO I 1 WI, FM, DIET 


NAN 
RAUTU 
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Table G-2. DODIC Index for Demolition Materials (continued) 


| 


| 
| 
Chg, Block, Cratering, 40-Lb 


| Cap, Electric, No. 8, 3rd Delay 
| Mora | Cap, Electric, No. 8, 4th Delay 
| 


Cap, SP Electric, 7.6-Sec Delay 
| M129 | Cap, Electric, SP-Strength 


M153  |Cap, Electric, Nonsubmersible 
M086 | M236 | Destructor, Explosive, PETN 
| | M240 | Destructor, Explosive, PETN 
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Table G-2. DODIC Index for Demolition Materials (continued) 


DoD Done 


Destructor, Explosive, Universal, M10 Destroyer, Document, Emergency, 
Incindiary, M1A2, TH4 


| 
M327 |Base, Coupling, with Primer | M606 Destroyer, Crypto Equip, M1A2, TH4 


Chg, Propelling, Earth Rod, M112 M608  |Destroyer, Crypto Equip, TH4 


| M418 |Chg, Shaped, RDX, MK47-0, 1.5-Lb | M609  |Destroyer, Crypto Equip, M2A1, TH4 
we Chg, Shaped, Comp B, Meio ` Destroyer, File, Incindiary, ABC-M4 


M2A4/M2A3E1, 15-Lb 


M421  |Chg, Shaped, Comp B, M3A2, 40-Lb M611  |Destroyer, File, incindiary, ABC-M4 
Chg, Rigid, Lin, Amatol, 35-Lb | M612  |Destroyer, Incindiary, TH3 
M442  |Kit, Demolition, Practice, M174 M615  |lgniter, Document Destroyer, M25 


Device, Firing, M1, 6- to 14-Min Delay 
Set, Device, Firing, M1 
Device, Firing, M1, 12- to 32-Min Delay 


Device, Firing, M1, 45- to 115-Min 
Delay 


[iod UV 


Delay 


| Cord, Detonating, PETN Device, Firing, M1, 610- to 1,130-Min 
M457 Dus 


| M624 | Device, Firing, Brass 
Detonator, Percussion, MK2 | M625 | Device, Firing, Zinc 
| M482 | Chg, Steel | M626 | Device, Firing, Zinc 


O 
9 
a 
c 
e 
+ 
© 
5 
m 
= 
=. 
e 
3 
© 
A 


Cuter, HE, neh Jew Les [Device Fring MS 
[ Mex Fee Fig, PUES MI 


Device, Firing, Zinc | 


$6 
= me 
SS 
El 
o 
un 
A 
2 
3 
= 
8 
Ca 
CD 
o 
o 


[ wer [pants Nürogyiarn | MET Davie, ing zre 
[ Mesi ` Brent Milan. mı | Mess epp Pressure lesse M5 — 
[ usos |Destroyer,onpie Eaup mg | Mesi Fo Fring, Tension Release 


Destroyer, Crypto Equip, Incindiary, | M643 Device, Firing, Tension-Release 
M2A1 | 
Destroyer, Crypto Equip, Incindiary, Device, Firing, Aluminum 

H 
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Table G-2. DODIC Index for Demolition Materials (continued) 


Don DODIC 


Device, Firing, Aluminum Fuze, Crypto Equip, M210, 0.7-Sec 
M975 Delay 


[ We be Timed, M700 | MS76 Jong, Block, Comp H6, 4- 
M671  |Fuse, Timed, inert M977  |Cord, Detonating, PETN 


| 


M767 |lgniter, Fuse, Timed, Practice, XM77 M984  |Chg, Roll, PETN, 20-Lb M766 


| we EN Shaped, Practice, Inert, MK37-1, | Mogg (Chg, Roll, PETN, 20-Lb 


M790 A en Comp C2 or C3, MK127-0, M987 Chg, Block, C4, 2-Lb 


| M791 |Assembly, Tetrytol, MK133-0, 20-Lb Mapp  |Chg, Block, C4, 0.5-Lb 
M792  |Assembly, Block, C4, MK138-0, 20-Lb M989 _jInitiator, Explosive 


Chg, Block, C4, 0.5-Lb | 
Initiator, Explosive — 
[ Met kee Percussion, improved No.3 | 100 [Detonator Fash — 
"we Ee Shaped, Pacis, nar M3, 401) 
[ wen Gees Earn Rod No. t | mess [Oh Ron, PETN 204 
[ wen et, Explosive, Foxhol-Diger | Ms [mo Ron, PETN, 20% 
Chg, Shaped, Comp H6, MK74-1, Chg, Lin, Comp H6, MK86-0, 0.002-Kg 
E Chg, Shpd, Practice, Inert, MK74-0, E Chg, Lin, Comp H6, MK87-0, 0.013-Kg 
1.3- 
Mess ` Cap, Elec, Dry, 0.5-Sec Delay Chg, Rigid, Lin, Comp C3, MK89-0, 
14-Kg 
Igniter, Primer and Base, XM110 MLO3 |Device, Firing, Plastic, M142 
Chg, Flex, Lin, Comp C4, M58A1, Cutter, HE E 


2,000-Lb 


Chg, Lin, Practice, M68A1, 2,000-Lb MLO5 


| more FS Practice, Inert, MK47-0, MLO? 


Chg, Block, inert, 0.25-Lb MLO8  |Kit, Demolition, XM268 


M957 es as Comp H6, MK47-0, MLog Cho. Shaped, Flex, Lin, 20-Gr/Ft 


| M965 |Kit, Cratering, M180 ML10  |Chg, Shaped, Flex, Lin, 30-Gr/Ft 
M974  |Cap, Electric, Submersible | ML ` Chg, Shaped, Flex, Lin, 40-Gr/Ft 


Cutter, HE 
Cap, Electric, Nonsubmersible 
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Table G-2. DODIC Index for Demolition Materials (continued) 


DoD DODIG 


Chg, Shaped, Flex, Lin, 60-Gr/Ft MW30 Kir, Deme, Bangalore Torpedo, M1 or 


ML13  |Chg, Shaped, Flex, Lin, 75-Gr/Ft MW31 |Holder, Detonator, MK2-0 


Chg, Shaped, Fiex, Lin, 125-Gr/Ft Kit, Demo, Bangalore Torpedo, M1 or 
M1A1 


ML15  |Chg, Shaped, Flex, Lin, 225-Gr/Ft MW31 Holder, Detonator, MK2-0 


we ageet Fiex, Lin, 29 sp | MWS7 [Driver Power-Actuated, MK22:0 | 
us 
[tia [Gha Shaped. Fiex, (San | mwee [org gem? 

Chg, Fiex, Lin, M59 MW56  |Device, Safety and Arming, MK39-0 
[mes Dein Practico, Meo | Mwea |K, Demo, Tubular SWS,MK75:0 | 
we 
wa Kt, Fuze, mon M1147 Le [Ki Fring Device, Training, MKT2Z0 | 
we [kt Fuze, Live miss | meta (Ki Centering, Caviy Chg | 


CES 
NA 


M 


we [kt Fuze, Live, M34 ` Les |OnoShedcTesRUTeS | 
| MWO2 |Valve, Explosive, Electrically Initiated Kit, Firing Device, MK138-0 

[ Mwze a Arming, MKT-8,80-Min Delay | me [Cha Shock Test, nes ` 
[wes [Element Delay, DE MK190 | vWos _|Kt, Cho. Training, MK750 — | 
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Appendix H 

Methods of Attacking Bridges 

with Demolitions 

The methods of attack in this appendix are for the most common types of bridges; however, 
they are not all inclusive. When faced with unusual construction methods or materials (for example, 
Hayricks which are linear-shaped charges used by host NATO countries), the responsible engineer 


should adapt one the of the recommended methods or recategorize the bridge as a miscellaneous 
bridge and design the demolition using the principles in {Chapter 4] 


Table H-1. Minimum ER values for bottom attack (percent) 


ro foe [oo [ow [oe [os [ow [os [om Po 
NOTES: 


1. The values in this table are based on the following formula: 
En. (P? , 41% 
7 = 147) + 11^- 1 
where— 
ER = required end clearance. 


L = span length. 
H = beam, truss, or bow depth (including deck). 


2. the result of Pis not on the chart exactly as calculated, round UP to the next higher value. For 


0.076, use the column headed 0.08. Read down that column to determine ER In this 


H 
example, L^ L 


case, ER = 0.013. 


3. Multiply the ER value determined from the chart by L to get ER. 


FM 5-250 


Table H-2. Minimum Lc values for top attack anios pan) 


Ratio of Section Removed to Span Length dà 


[0004 [0386 [wane [oo [osız [osıa [are [oa [az [0000 | 0040 [9350 [vaso [29 Tooo 
Fan de EE EIE [on [son [| 
i ae oe re eae a e oe eee a 
[0014 0015] 016 au [acte | 022 [0028 [225 [ous [ose [vous 
aur [ame [eats ot cats Lors [oar [auf ae [sos fes [no | ae ou 
[0015 | 016 [neis [ooze [822 | 00240525 [oace [ooeo | 0000 | 006 | 0040 [ous [oces | 0.076, 
[0018 [0010 |0022 [0025 [0027 [0029 0591 [aus [ocss [ou | 0081 [0088 [ous | ou | 0.000 
[0018 [ou | 0028 [0020 [ous [ace | 0.0 56000410051 | 0050 0060.78 0091 0.08 
[0021 [ones [aces [0.509 | oa 0090 | 0042 [aoe | 0.047 [cose | 0.088 | 0078 [ou [0104 0:20 
[sr [ose [oosa [esr [om one [ou [ons one poe oorr | oer [nor one [osa 
[0025 | 0552 0.056 0.041 005 | 0040] 0082 [0.5 [oose [oops [oss [oer [a 108 0:28 0150 
em os [oo ons [one [ose ons os ons [oom [amber fone Toae aes 
[sers [ome [onu [ooo | se foose EE 
[5055 [onen [o6«r | 9.063 [ose | 0083 [ner [are [ours [0008 [o 
[9098 [ones [ost | 01087 [0969 [0.088 [oars oorr | 0082 | 0:02 
0008 [0047 | 0054 [oae [acer [ors | 0978 [poss [ous [ame [oe 
[9001 [ones [ose [0068 [oorz [ours [ones [aces [oes | 01180. 
(0 [ons os [os [oore one ou [one | ou esa 
[0056 [0005 | 5730060 [0.087 [0099 [0099 [0.708 [0:81 
Ba 
el? 


o 


© 


o o 
8 8 


o 


> 


e ols 
3 2/8 


o 
La 
ch 
_ 


00 
o 
— 
oO 
A 


000 | 0060 [0969 0.77 [ones cosa [ms | 0050.11 
ser e [onm [om [oo sw [ose fono fonr 


o 


_ 
ba 
wech 


N 
|1. Tabulated values are for n from which you can calculate Lc: Le= au 
2. This table is based on the formula: 

Ls (Lea. 
fe HT - Cp] 
Je 


Ls 
qm _ ES 
Le 1) 


. If the results of = or? are not on the chart exactly as calculated, round UP to the next higher value 
| H „Ls Ls H 
¡on the chart. For example, if Tr 0.021, use 0.03; if Er 0.0142, use 0.016. Intersect the T and T 


values on the char to get the value of n Multiply the = value by L to get Le. 


H-2 
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Table H-3. Attacks on simply supported bridges 


Sera! ees? pack Method 


Top Attack: Eis less than Eg 
Steel Beam 


1. Cut at midspan. 
2. Cut beams, including bottom flange in 
x 

3. Do not consider cutting deck. 


Bottom Attack: E is greater than Eg 


1. Cut at midspan to 0.75h, as shown. 
2. Cut deck across full bridge width. 


End clearance is not a 
consideration. 


1. Cut between 1/3-span and midspan. 
2. Cut deck across fuil bridge width. 


Bottom Attack: E is less than ER 
1. Cut at midspan to 0.75h. 

2. Cut deck across full bridge width. 

3. Attack one abutment or pier to create 
sufficient end clearance. 


Top Attack: Eis less than En 
ek 
Ee 


Through 
Bridge, 
Method V 


1. Cut at midspan. 
2. Where deck is located well above beam 
bottom, cut bridge as shown. 

3. Do not consider cutting deck. 


= 


H-3 
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Table H-3. Attacks on simply supported bridges (continued) 


Subcategory Attack Method 


` Angled Attack: 


1. Configuration found in | 
cantilever and 
suspended-span bridges 


2. End clearance is not a 
consideration. 


1. Cut between 1/3-span and midspan. 
2. Cut deck across full bridge width. 


Bottom Attack: Eis greater than Ea 


So 


1. Cut at midspan. 
2. Do not consider cutting deck. 


Bottom Attack: E is less than En 
1. Cut at midspan. 

2. Do not consider cutting deck. 
3. Attack one abutment or pier to create 
sufficient end clearance. 


Angled Attack: 


| 
| 


i 


Deck 
Bridge, 
Bottom 

Support, 

Method | 


Steel Beam 


End clearance is not a 
consideration 


Deck 


Rridno 
oncge, 


Bottom 
Support, 
Method Ill 


— Ecg r-— 


1. Cut between 1/3-span and midspan. 
2. Cut deck across full bridge width. 


Top Attack: Eis less than Er 


lc 


e 
RBZ 


NNN VAVA 


Through 
Bridge, 
Method | 


1. Cut at midspan. 
2. Cut top chord twice, vertically (if 
necessary), and diagonals and bottom 
chord. 

3. Remove wind bracing over midspan. 
4. Do not consider cutting deck. 


Angled Attack: 


NSS 


Steel Truss 


Through 
Bridge, 
Method II 


1. Cut between 1/3-span and midspan. 
2. Cut top chord, diagonals, and bottom 
chord in one bay only. 

3. Cut deck across full bridge width. 
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Table H-3. Attacks on simply supported bridges (continued) 


| Serial | Subcategory | Type _ Attack Method 
CR SE 


Bottom Attack: 1. Configuration found in | 
cantilever and 
suspended-span bridges 


2. End clearance is not a | 
consideration. 


1. Cut between 1/3-span and midspan. 
2. Cut top chord, diagonals, and bottom 
chord in one bay only. 

3. Do not consider cutting deck. 


Bottom Attack: Eis greater than Er 


Lus 


1. Cut at midspan. 
2. Cut top chord, diagonals, and bottom 
chord in one bay only. 

3. Do not consider cutting deck. 


Bottom Attack: E is less than ER 
1. Cut at midspan. 


Deck 
Bridge, 
Bottom 

Support, 

Method | 


Steel Truss 


Deck 


Bridge, |2. Cut top chord, diagonals, and bottom 
Bottom chord in one bay only. 

Support, |3. Do not consider cutting deck. 

Method II 


4. Attack one abutment or pier to create 
sufficient end clearance. 


End clearance is nota 
consideration 


Deck 
Bridge, 
Bottom 

Support, 

Method Ill 


| Through 
+- i 


1. Cut between 1/3-span and midspan. 
2. Cut deck across full bridge width. 


This method applies to 
slab bridges only. 


1. Cut between midspan. 
2. Cut deck across fuli bridge width. 
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Table H-3. E on simply supported bridges (continued) 
E E DOR RR RR 


1. Configuration found in | 
cantilever and 
suspended-span bridges 


2. Remove concrete for 
Le distance to full width 
and depth of beams. 


Cut at midspan with a concrete-stripping 
charge. 


Bottom Attack: E is greater than En 


1. This method applies 
to slab bridges only. 

2. Sufficient reinforcing 
bars are cut to cause 
bridge collapse. 


Bridge, 
Bottom 
Support, 
Method | 


| NA 0.15m 


Cut at midspan with Hayricks.* 
Bottom Attack: Eis less than Er 


Concrete 


This method applies to 
slab bridges only. 


Deck 
Bridge, 
Bottom 

Support, 

Method II 


1. Cut at midspan with Hayricks.* 
2. Attack one abutment or pier to create 
sufficient end clearance. 


Remove concrete for Le 
distance to full width and 
depth of beams. 


Top Attack: Eis less than Er 


ree 


Deck 
Bridge, 
Bottom 

Support, 

Method Ill 


Cut at midspan with a concrete-stripping 


1. Cut at midspan. 
2. Cut bow in two places. 

3. Cut all hangers between bow cuts. 
4. Do not consider cutting deck.. 


Top Attack plus Girders: 


—>— << lc 


| gi E EL ES, j 


1. Cut truss or beam with the appropriate 
method (Serials 1 through 15). 

2. Cut bow in two places, including 
hangers. 


Bowstring 


Reinforced 
Beam or 
Truss 


2 
Concrete 


Serial | Subcategory Attack Method 
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Table H-4. Attacks on continuous bridges 


1. Cutting anchor span 
may require a two-stage 
attack. 


Sheer joint d 


1. Cut anchor span as closely to the pier 
as practical. 
2. Cut midspan shear joint. 


Cantilever 2. Use a concrete- 


stripping charge for the 
first stage. 


1. Cutting anchor span 
may require a two-stage 
attack. 

2. Use a concrete- 
stripping charge for the 
first stage. 

3. If demolition of the 
suspended span will 
create the desired 
obstacle, regard the span 
as simply supported and 
attack accordingly. 


PS es mn bi | à um ne 
Cantilever 


and 
Suspended 
Span 


1. Cutting longer spans 
may require a two-stage 
attack. 


Truss with 
Short Side 
Span 


2. Use a concrete- 
stripping charge for the 
first stage. 


1. Cut interior span so y is greater than 
1.25x. 

2. If necessary, cut other interior spans as 
in Serial 4. 


Two or More Cuts: 1. Cutting these spans 
may require a two-stage 


attack. 


Beam or x yx Y | 
Truss a I 
without 


Short Span 


2. Use a concrete- 
stripping charge for the 
first stage. 


1. Cutting these spans 
may require a 
two-stage attack . 


Portal, Fixed 
Footing 


2. Use a concrete- 
stripping charge for 
the first stage. 


Cut span twice, close to pier. 
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Table H-4. Attacks on continuous bridges (continued) 


Subcategory Attack Method | Remarks | 
| 


Strip Concrete: 1. Remove all concrete 
— ke 
Portal, | d 
Pinned 


for Le. 

2. Aone-stage attack 

should be adequate. 
Footing > b sus 


"aum" 


Remove concrete from midspan over 
length Lc with a concrete-stripping charge. 


| 

i : 1. Applies to arches | 

greater than 35 meters | 

| A Open 2. Aone-stage attack | 

pandrel, l 

7 Fixed should be adequate. | 
Footing, 

Method | | 

Remove concrete from midspan over | 

length Lc with a concrete-stripping charge. 


Strip Concrete: 1. Applies to arches 
greater than 35 meters 


3. When footing 
conditions are unknown, 
use Serial 5. 


Concrete Arch, Open 2. A one-stage attack | 
Spandrel, should be adequate. | 

8 Fixed | 
Footing, | 


| 
Methodi! ||. Remove concrete from midspan over | 


length Lc with a concrete-stripping charge. 
2. Attack springing with Hayricks* at the 
top face of the arch ring. 


1. Alternative to Method 
Il, applies to arches 
greater than 35 meters 


Arch, Open 


Spandrel, 2. Two-stage attack may | 
a dane be required. | 

Footing, RES 

Method III 3. Use concre 


stripping charge for first 
stage. 


A one-stage attack 
should be adequate. 


Arch, Open 
Spandrel, 
Pinned 

Footing 


Remove concrete from midspan over 
length £c with a concrete-stripping charge. 


d 
| 
Note: 


Hayricks are not in the U.S. Army supply system. 
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Table H-4. Attacks on continuous bridges (continued) 


| Serial | Subcategory | Type | Attack Method 
Strip Concrete: A one-stage attack 
ke should be adequate. 
Arch, Solid 
Spandrel, 
Fixed 
Footing, 
| Method | 
Remove concrete from midspan over 
length Lc with a concrete-stripping charge. 
| Strip Concrete: 1. Applies to arches 
greater than 35 meters 
2. A one-stage attack 
should be adequate. 
Arch, Solid 
| Spandrel, 
| Concrete Gegen 1. Remove concrete from midspan over 
Methodi! [length Le with a concrete-stripping charge. 
2. Attack both springing points with 
concrete-stripping charges: 
a. Against bottom face of arch ring. 
b. Or against top face (must remove fill 
| beneath roadway to access arch ring) 
Strip Concrete: A one-stage attack 
should be adequate. 
l| Arch, Open 
Spandrel, 
i Fixed 
Footing, 
Method Il 
Remove concrete from midspan over 
| length Lc with a concrete-stripping charge. 
Cantilever | | | | 
1. Cut anchor span as closely to the pier 
as practical. 
Steel 2. Cut midspan shear joints. 


If demolition of the 
suspended span will 
create the desired 
obstacle, regard the span 
as simply supported and 
attack accordingly. 


Cut anchor span as closely to the pier as 
practical. 


H-9 


FM 5-250 


Serial | Subcateaorv 


Table H-4. Attacks on continuous bridges (continued) 


Type Attack Method Remarks 


One Cut: | ] ` None 


Short Side 
Span lt. Cut interior span so y is greater than 
1.25x. 
2. If necessary, cut other interior spans as 
in Serial 17. 


Two or More Cuts: 


¡Y IX Y] 


Cut span twice, close to piers. 


Portal, 
Pinned 
Footing 


> de 


Remove section from midspan over length 
Lo. 


Four Cuts: 


Angle cuts about 70 
degrees 


Arch, Open 
Spandrel, 
Fixed 

Footing 


EX 


Remove section from midspan over length 
Le. 
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Table H-4. Attacks on continuous bridges (continued) 


| Serial | Subcategory | Type Attack Method 


Two Cuts: 


None 


Arch, 
Method I 


1. Cut at haunches. 
2. Attack arch ring, spandrel walls, and 


Masonty parapet. 


Arch, 
Method Il 


Breach arch ring at crown. 
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A total area 


abatis Fallen-tree obstacles made by cutting trees 
that remain attached to their stumps. 


ABCA American, British, Canadian, and 
Australian 


AFV armored fighting vehicle 


amatol A mixture of ammonium nitrate and 
trinitrotoluene (TNT); a substitute for TNT in 
bursting charges. 


ammonium nitrate The least sensitive of the 
military explosives; it requires a booster charge 
to successfully initiate detonation; a component 
inmost cratering and ditching charges. 


ammonium-nitrate satchel charge A mixture of 
ammonium-nitrate fertilizer and melted wax; the 
aba ratio is 4 pounds of fertilizer to 1 pound 
of wax. 


angled attack A method of attack used in bridge 
emolitions. 


AT antitank 

Attn attention 

AP antipersonnel 

approx approximately 

ARNG Army National Guard 

ASP ammunition supply point 

AVLB armored vehicle launch bridge 


beam collapse mechanismA method of allowing 
abridge to collapse under its own weight. 


black powder The oldest-known explosive and 
ropellant; a composite of potassium or sodium 
nitrate, charcoal, and sulfur. 


blasting e D to detonate high explosives; 
there are two types: electric and nonelectric. 


blasting machine Provides the electric impulse 
needed to initiate electric e 
operations there are two models: M32 10-cap 
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Glossary 


blasting machine and M34 50-cap blasting 
machine. 


block demolition charge Prepackaged, 
high-explosive charges for general demolition 
operations, such as cutting, breaching, and 
cratering; composed of high-explosive TNT, 
AUDE Composition-C series, and ammonium 
nitrate. 


block-hole method Away of removing boulders; 
a hole is drilled in the m of the boulder deep 
and wide enough to hold the required amount of 
explosive. 


bottom attack Forms a hinge at the top of the 
span; as the span falls, the cut ends at the bottom 
move outward. 


branch line A length of detonating cord. 


breaching charges Used to destroy concrete-slab 
bridges, bridge beams, bridge piers, bridge 
abutments, and permanent field fortifications; 
the size, m pamm and tamping or 
confinement of breaching charges are critical to 
success. 


breaching radius (R) For external charges, it is 
equal to the thickness of the target being 
breached; for internal charges placed in the 
center of the target’s mass, R is one half the 
thickness of the target for internal charges 
laced at less than half the mass thickness, R is 
e longer of the distances from the center of the 
charge to the outside surfaces of the target. 


C See tamping factor (C). 
C4 See Composition C4 (C4). 


categorization To put into any of several 
fundamental and distinct classes to which 
entities or concepts belong; a division within a 
system of classification. 


chg charge 
class classification 


Glossary-l 
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classification (class) The systematic arrangement 
in groups based on the load-carrying capacity of 
bridges. 


cm centimeter(s) 


command post Located where the demolition 
uard can best control the defense of the 
emolition target from the friendly side. 


common series circuit Used to connect two or 
more electric blasting caps to a single blasting 
machine. 


Composition A3 A composite explosive 
containing 91 percent cyclonite (RDX) and 9 
percent wax. 


Composition B A composite explosive 
ain arpa 60 percent RDX, 39 
percent TNT, and 1 percent wax. 


Composition B4 A composite explosive 
containing 60 percent RDX, 39.5 percent TNT, 
and 0.5 percent calcium silicate. 


Composition C4 (C4) A composite explosive 
containing 91 percent RDX and 9 percent 
nonexplosive plasticizers; it is effective in 
temperatures between -70 and + 170 degrees 
Fahrenheit but looses its plasticity in colder 
temperatures. 


concrete-stripping charge Bulk, surface-placed 
charges designed to remove concrete from 
reinforced-concrete beams and slabs, exposing 
the steel reinforcement. 


continuous bridge A bridge that does not fit the 
miscellaneous or simply supported bridge 


category. 
cook off When blasting caps are detonated 
because of exposure to extreme heat. 


counterforce charge A special breaching 
technique that is effective against rectangular 
masonry or concrete columns 4 feet thick or less. 


cratering charge A calculated amount of 
explosives placed to create a crater. 


cratering effect The cratering effect of high 
explosives depends on their total energy content, 
which determines the amount of ener 
available to throw the broken material from the 
crater. Because a shattering effect is not 
required to form a crater, low-velocity 
explosives are generally more effective for 
cratering purposes. Therefore, a relative 
effectiveness factor is not considered in 


determining the effect of a cratering charge. 
Blasting road craters or ditches sun 
requires large amounts of explosives. Because it 
is effective and inexpensive, an ammonium 
nitrate-based cratering charge is used as a 
standard cratering charge. 


cross-section ditching method Used when it is 
necessary to blast the full width of the ditch in 
one operation. 


cyclonite (RDX) A highly sensitive and very 
powerful military explosive; it forms the base 
charge in the M6 electric and M7 nonelectric 
blasting caps; when desensitized, it serves as a 
subbooster, booster, bursting charge, or 
demolition charge; used in composite explosives. 


drequired depth 
D depth 
DA Department of the Army 


deliberate road crater A V-shaped crater 
approximately 7 to 8 feet deep and 25 to 30 feet 
wide with side slopes of 30 to 37 degrees; 
extends about 8 feet beyond the end boreholes. 


demolition equipment setAn assembly of tools 
necessary to perform demolition operations. 


detonating cord Transmits a shock wave from 
the initiation set to the explosive charge; useful 
for underwater, underground, and above-ground 
blasting because the blasting cap of the initiation 
set does not have to be inserted directly into the 
charge. 


detonating-cord priming Involves fewer 
blasting caps, makes priming and misfire 
investigation safer, and allows charges to be 
primed at State of Readiness 1 (Safe) when in 
placed on a reserved demolition. 


diamond charge Used on high-carbon or alloy 
steel bars up fo 12 inches in diameter or having a 
cross-sectional area of 12 square inches or less. 
See also stress-wave method. 


direction of initiation The direction in which the 
shock wave travels through the explosive; may 
be parallel to the surface of the target or 
perpendicular to the target; determines the rate 
of energy transmitted to the target. 


ditching charge A calculated amount of 
explosives placed to create a ditch. 
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DODIC Department of Defense identification 
code 


dust initiator charge Uses small quantities of 
explosives with larger amounts of powdered 
materials to destroy thin-walled, wooden 
buildings or railroad boxcars; works best in an 
enclosed area with few windows. 


dynamite See standard dynamite, military 
dynamite. 


E total end clearance 
ER required end clearance 
elec electric 


electric priming The insertion of an electric 
blasting cap directly into the charge. 


end-priming method Priming explosives from 
the extreme end. 


engr engineer 

ENL enlisted 

EOD explosive ordnance disposal 
equip equipment 


un flame fougasse Consists of a 55-gallon 

rum of thickened fuel, a kicker charge, a trip 
flare, and detonating cord; used in detensive and 
offensive operations for its incendiary, 
illuminating, and signaling effects. 


explosives Substances that, through chemical 
reaction, violently change to a gaseous form. In 
doing so, they release pressure and heat equally 
in all directions. They are classified as low or 
high according to the detonating velocity or 
speed (in meters or feet per second) at which this 
change takes place and other characteristics such 
as their shattering effect. See also low 
explosives and high explosives. 


external charge Placed on the surface of the 
target. 


inp point Located as close to the target as 
safety allows; must protect the firing party from 
the effects of blast and falling debris; should be 
close to or collocated with the command post. 


firing system The system placed between the 
initiation system and the charge. 
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firing wire The electric wire used between the 
initiation set and the electric blasting cap. 


FM field manual 
ft foot, feet 


forty-pound, ammonium-nitrate block 
demolition charge A standard US Army 
munition consisting of 30 pounds of ammonium 
nitrate with a 10-pound TNT border. 


fps foot/feet per second 


GEMSS Ground Emplaced Mine Scattering 
System 


GP general purpose 


grapeshot charge Consists of a container, 
poras butfer material, a charge, and a 
lasting cap. 


H borehole depth 
H depth, rise, height 


hasty road crater Forms a V-shaped crater about 
6 to 7 feet deep and 20 to 25 feet wide, 
extending ana 8 feet beyond each end 
borehole. While it takes the least amount of 
time to construct, it is also the least effective 
barrier because of its depth and shape. 


HE high explosive 
HEAT high-explosive antitank (ammunition) 
HEP high-explosive plastic 


high explosives SEA to a gaseous state almost 
instantaneously at 1,000 meters (3,280 feet) per 
second to 8,500 meters (27,888 feet) Ge second, 
producing a shattering effect on the target. Use 
igh explosives when a shattering effect, or 
brisance, is required. 


HQ headquarters 


hydroscopic Material that readily takes up and 
retains moisture. 


improvised cratering charge Consists of a 
mixture of ammonium nitrate fertilizer and 
diesel fuel, motor oil, or gasoline; the ratio of 
fertilizer and fuel is 25 pounds to 1 quart. 


in inch(es) 
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internal charge Placed in boreholes in the target. 
jamming Failure to completely collapse the span. 


K See material factor (K). 
kg kilogram(s) 


kicker charge A l-pound charge of explosive 
placed high on a tree used to influence the 
direction of fall when employing timber charges. 


kw kilowatt 


Llength 
Ib pound(s) 
L.required length of span removed 


leapfrog series circuit Useful for firing any long 
line of charges; starts at one end of a row of 
charges and primes alternate charges to the 
ER end and then primes the remaining 
charges on the return leg of the series; eliminates 
the need for along return lead from the far end 
of the line of charges. 


lin line 


line main Will fire multiple charges, but if a 
reak in the line occurs, the detonating wave 
will stop at the break; use only when speed is 
essential and the risk of failure is acceptable. 


low explosives Change from a solid to a gaseous 
state za over a sustained period (up to 400 
meters or 1,300 feet per second). This 
characteristic makes them ideal when a pushing 
or shoving effect is required. Examples of low 
explosives are smokeless and black powders. 


Lsaverage length of the bearing supports. 


m meter(s) 
mm millimeter(s) 


MI adhesive paste A sticky, putty-like substance 
that is used to attach charges to flat, overhead or 
vertical surfaces. 


MI detonating-cord clip A device for holding 
two strands of detonating cord together, either 
parallel or at right angles. 


Glossary-4 


MI military dynamite An RDX-based 
composite apie containing no nitroglycerin; 
packaged in 1/2-pound, paraffin-coated, 
su rical paper cartridges that have a nominal 
oe of 1.25 inches and a nominal length of 

inches. 


M10 universal explosive destructor A 
high-explosive charge in an assembled metal 
device; used to ee) ammunition and to 
convert loaded picks iles and bombs into 
improvised demolition charges. 


M112 block demolition charge A l4-pound 
block of C4 packed in a plastic envelope. 


M118 block demolition charge A block of four 
1/2-pound sheets of flexible explosive packed in 
a plastic envelope. 


M180 demolition kit, cratering Consists of an 
M2A4 shaped charge, a modified M57 electrical 
firing device, a warhead, a rocket motor, a 
tripod, and a demolition circuit. 


M183 demolition charge assembly Consists of 
16 MI 12 (C4) demolition blocks and 4 priming 
assemblies; is used primani for breaching 
obstacles or demolishing structures when large 
demolition charges are required. 


M186 roll demolition charge A 50-foot roll of 
sheet explosive. 


M1A2 Bangalore-torpedo demolition kit 
Consists of 10 loading assemblies, 10 
connecting sleeves, and 1 nose sleeve. 


MIA4 priming adapter A plastic, 
hexagonal-shaped device, threaded to fit 
threaded cap wells. 


M2 cap crimper Used to squeeze the shell of a 
nonelectric blasting cap around a time blasting 
fuse, standard coupling base, or detonating cord. 


M51 blasting-cap test set A self-contained unit 
with a magneto-type impulse generator, an 
indicator lamp, a handle to activate the 

enerator, and two binding posts for attaching 
iring leads; the set is waterproof and capable of 
operating at temperatures as low as -40 degrees 
Fahrenheit. 


M60 weatherproof fuze igniter Used to ignite 
time blasting fuse in all weather conditions, even 
underwater, if properly waterproofed. 


M700 time fuse A dark green cord, 0.2 inches in 
diameter, with a Pan cover; burns at 
approximately 40 seconds per foot. 


M8 blasting cap holder A metal clip designed to 
attach a blasting cap to a sheet explosive. 


max maximum 


material factor (K) Represents the strength and 
hardness of the target material. 


military demolition The destruction by fire, 
water, explosive, mechanical, or other means of 
area structures, facilities, or materials to 
accomplish a military objective. Demolitions 
are explosives used for such purposes. 
Demolitions have offensive and defensive uses. 
Examples are the removal of ay barriers to 
facilitate the advance and the construction of 
friendly barriers to delay or restrict enemy 
movement. 


military no composite explosive that 
contains 75 pot RDX, 15 percent TNT, and 
10 percent desensitizers and plasticizers. 

min minute(s), minimum 


miscellaneous bridge Represents a small portion 
of bridge structures; examples include 
suspension, lift, and cable-stayed bridges. 


mud-cap method Away of removing boulders in 
which the charge is placed in a crack or seam in 
the boulder and covered with 10 to 12 inches of 
mud or clay. 


NA not applicable 
NATO North Atlantic Treaty Organization 
NCO noncommissioned officer 


nitroglycerin Highly sensitive and extremely 
temperature-sensitive; the explosive base for 
commercial dynamites; not used in military 
explosives because of its sensitivity. 


No. number 


nonelectric priming The insertion of a 
nonelectric blasting cap directly into the charge. 


NSN national stock number 


obstacle folder Provides all the information 
necessary to complete a specific demolition 
operation. 


Ohm’s Law Defines the amount of voltage 
necessary to detonate the blasting caps. 


0z ounce(s) 
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P weight of the explosive 


pentaerythrite tetranitrate (PETN)A Heny 
sensitive and very powerful military explosive; 
its explosive potential is comparable to RDX 
and nitroglycerin; insoluble in water. 


pen tolite (PETN-TNT) A mixture of PETN and 


PETN See pentaerythrite tetranitrate (PETN). 
PETN-TNT See pentolite (PETN-TNT). 


platter charge Uses the Miznay-Shardin effect to 
turn a metal plate into a powerful, blunt-nosed 
projectile. 


Plt platoon 


pneumatic floats Airtight compartment of 
rubberized fabric inflated with air. 


prac practice 


pressure-sensitive adhesive tape Effective for 
acne ue to dry, clean wood, steel, or 
concrete; has better holding roperties and is 
more easily and quickly applied than Ml 
adhesive paste. 


QSTAG Quadripartite Standardization Agreement 
qty quantity 


R See breaching radius (R). 


radial cracking. If the charge is large enough, 
the expanding gases can create a pressure load 
on the object that will cause cracking and 
therefore displace the material. 


RDX cyclotrimethylenetrinitramine. See also 
cyclonite (RDX). 


RE See relative effectiveness (RE) factor. 
recon reconnaissance 


reconnaissance order Specifies the objectives of 
the reconnaissance party commander. 


relative effectiveness (RE) factor The amount of 
EE used is adjusted by a relative effective 
(RE) factor which is based on the shatterin 
effect of the explosive in relation to that of TNT. 
The Se effect of a high explosive is 
related to its detonating velocity. For example, 
TNT with a detonating velocity of 6,900 meters 
per second has an RE factor of 1,00, while 
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Composition C4 with a detonating velocity of 
ou meters per second has an RE factor of 


relieved-face crater A trapezoidal-shaped crater 
about 7 to 8 feet deep and 25 to 30 feet wide 
with unequal side slopes. 


ribbon charge A special cutting charge used to 
cut flat, steel targets up to 3 inches thick. 


ring ute A band of explosives completely 
circling the tree; it should be as wide as possible 
and up to 1-inch thick depending on the 
diameter of the tree. 


ring main Will detonate an almost unlimited 
number of charges; preferred over the line main 
because the detonating wave approaches the 
branch lines from two directions. 


rqr required 


s borehole spacing 


saddle charge A special cutting charge that uses 
the destructive effect of the cross fracture 
formed in the steel by the base of the charge; 
used on mild steel bars up to 8 square inches or 
8 inches in diameter. 


safety fuse Consists of black pow&r tightly 
wrapped with several layers of fiber and ` 
waterproofing material; burn rate varies with 
atmospheric and climatic conditions; burns 
significantly faster underwater. 


satchel charge See M183 demolition charge 
assembly. 


sec second(s) 


see-saw collapse mechanism A method of 
allowing abridge to collapse under its own 
weight. 


shaped charge Concentrates the energy of the 
epee released on a small area, making a 
tubular or linear fracture in the target. 


sheet explosive See M118 block demolition 
charge. 


side-priming method A method of priming 
certain types of explosive, for example, 
dynamite and 40-pound cratering charge. 


simply supported bridge Abridge in which the 


ends of each span rest on the supports; there are 
no intermediate supports. 


single-line ditching method The most common 
itching method; detonates a single row of 
charges along the centerline of the proposed 
ditch, leaving further widening for subsequent 
lines of charges. 


shpd Shaped 


snake-hole method Removing boulders a 
digging a hole large enough to hold the charge 
beneath the boulder. 


SOP standing operating procedure 


spalling Occurs when the charge’s shock wave 
chips away at the surface of the object Ce 
under the charge; if the charge is large enough, it 
will span the opposite side ot the object. 


springing charge A comparatively small charge 
for enlarging a borehole to accommodate a 
larger charge. 


special cutting charge Uses considerably less 
explosive than conventional charges; however, it 
cu exact and careful target measurement to 
achieve optimal effect; examples include ribbon, 
saddle, and diamond charges. 


STANAG Standardization Agreement 


standard dynamite Does not include military 
dynamite; contains nitroglycerin plus varying 
combinations of absorbents, oxidizers, antacids, 
and freezing-point depressants. 


State of Readiness 1 (safe) When the demolition 
charges are in place and secure; vertical and 
horizontal ring mains are installed but are not 
connected. 


State of Readiness 2 (armed) When all charges 
and firing systems are complete and ready for 
detonation; all vertical and horizontal ring mains 
are connected. 


stemming The process of packing material on top 
of an internal borehole or crater charge. 


stress-wave method Employs the destructive 
effect of two colliding shock waves, which are 
produced by simultaneously detonating the 
charge from opposite ends. 


supplementary adhesive Used to hold 
demolition charges when the target surface is 
below freezing, is wet, or is underwater. 


T tracked 
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tamping Placing a calculated quantity of material Warequired ditch width 
on or around a charge to increase its 
effectiveness. . 

tamping factor (C) Depends on the charge EDU EE 


location and materials used for tamping; do not 
consider a hape tamped with a solid material 
as fully tamped unless the charge is covered to a 
depth equal to or greater than the breaching 
radius. 


tamping material Dirt, mud, sand, sandbags, 
water, or other available materials. 


tetryl An effective booster charge in its = 
noncomposite form and a bursting or demolition 
charge in composite forms; more sensitive and 
powerful than TNT. 


tetrytol A composite explosive containing 75 ` 
percent tetryl and 25 percent TNT; the explosive 
component in demolition charges. 


three-pin arch effect The result of an 
unsuccessful collapse mechanism. 


time blasting fuse Transmits a delayed spit of 
flame to a nonelectric blasting cap; there are two 
types: M700 time fuse and safety fuse. 


TNT See trinitrotoluene (TNT). 


TNT block demolition charge Standard military 
Ge packaged in %-, %-, and l-pound 
ocks. 


TM technical manual 


top attack Forms a hinge at the bottom; as the 
span falls, the cut ends at the top move outward. 


TRADOC United States Army Training and 
Doctrine Command 


trinitrotoluene (TNT) ‘The most common 
military explosive; may be in a composite or 
noncomposite form; as a standard explosive, it is 
used to rate other military explosives. 


US United States (of America) 
USAR United States Army Reserve 


v volt(s) 


w required width 
W wheeled 
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Page references to figures and tables are printed line of, 4-13 
in boldface type. on simply supported bridges, H-3 through 
H-6 
on continuous bridges, H-7 through H-11 
A3. See composition, A3 methods, 4-14 
top, 4-6, 4-14, H-3 through H-6 
abatis, 3-2, 3-6, 3-7. See also charge(s), abatis cea effect, er 
placement of, 3-7 calculations for, A-13 
special considerations for, 3-7 minimum Le values, H-2 
abutment(s), 1-8, 3-15, 4-7, 4-24 through 4-25 artillery shells (nonnuclear) 
5 feet thick or less, 4-24, 4-25 charges, C-3 
over 5 feet thick, 4-24, 4-25 priming of, C-3 


over 20 feet high, 4-24 safety precautions for, C-3 


wing walls, 4-24 

adhesive paste, 1-18 

aerial bomb, C-1 B4. See composition, B4 
charges for, C-3 Bailey bridge. See bridge, Bailey 


general purpose, C-3 Bangalore torpedo. See also M1A2 


priming of, C-3 E Des 

safety utions for, C-1 pics torpedo demolition kit 
amatol, 1-3 electric, 2-22 

| , nonelectric, 2-21 
ammonium nitrate, 1-1, 1-3, 1-7, 1-8, 2-19, 3-25. with blasting cap, 2-22 
See also charge(s) ammonium-nitrate with detonating cord, 2-22 

block demolition charge. See charge(s), block 

demoition, ammonium nitrate barriers, 5-1 

satchel charge. See charge(s), batteries and dry cells, E-4 


ammonium-nitrate satchel 
beam collapse mechanism. See collapse 
mechanism, beam 


arch bridge. See bridge, arch black powder, 1-3, 1-13 


angled attack. See attack(s), angled 


attack(s) blast(in 
8) 
angled, 4-14, H-3 through H-5 cap, 1-7, 1-15, 2-3, 2-4, 2-12, 6-1 
location of charges, 4-14 attaching, 2-25 
bottom, 4-5, 4-14, H-3 through H-6 to detonating cord, 2-25 
calculations for, A-12 to line main, 2-27, 2-28 


minimum ER values, H-1 i 
: electric, 1-16, 2-7, 2-9, 6-2, 6-10, 6-11, E-1 
three-pin arch effect, 4-5 holder, 1-16, 1-17 
bridge, 4-8, 4-19 nonelectric, 6-2, 6-5 
for continuous bridges, 4-14, 4-15 ing, 2 
: ; preparing, 2-2 
for miscellaneous bridges, 4-20 safety of, 6-1 
for simply supported bridges, 4-10 test set, 1-19 , 2-5 
guidelines for, 4-8 PE - 
Aenean do LS characteristics of, 1-19 


maintenance of, 1-19 


with demolitions, H-1 through H-11 use of, 1-19 
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effects, 6-4 
machine(s), 2-5, 2-6, 2-10, 6-1 
determining circuit capacity of, E-3 
M32, 10-cap, 1-20 
M34, 50-cap, 1-20 
safe distances 
for personnel, 6-6, 6-7 
near RF energy, 6-5 


blasting cap. See blast(ing), cap 
blasting machine. See blast(ing), machines 


block demolition charge. See demolition(s), 
charges, block 


block-hole method, See boulder removal, 
block-hole method 


borehole(s), 3-23 through 3-25, D-4 
characteristics made by shaped charges, 1-10 
layout of, 3-30 
safety of, 6-4 


bottom attack. See attack(s), bottom 


boulder blasting/removal, 3-38, 3-29 
block-hole method of, 3-29 
charges, 3-29 
mud-cap method of, 3-29 
snake-hole method of, 3-28, 3-29 


bowstring bridge. See bridge, bowstring 


bowstring-reinforced truss bridge. See bridge, 
bowstring-reinforced truss 


branch line(s), 1-17, 2-26, 2-27 


breaching, 1-4, 1-6, 1-11. See also charge(s), 
breaching 
conversion factors for, 3-19 
formula, 3-15 
of hard-surfaced pavements, 3-21 
of other materials, 3-18 
of reinforced concrete, 3-17, 3-18 
radius (R), 3-17, B-3 


bridge. See also demolition(s), bridge 

arch, 4-12, 4-18 

attack calculations, A-14 
attacks. See attack(s), bridge 
Bailey 

demolition of, 4-23 
bowstring, 4-11, 4-12 
bowstring-reinforced truss, 4-12 
cantilever, 4-15, 4-16 
categories, 4-2 

continuous, 4-2, 4-15 

miscellaneous, 4-2 

simply supported, 4-2, 4-10 
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concrete, 4-11 
continuous, 4-2, 4-8, 4-14, 4-21, H-7 
through H-11 
categorizing, 4-14, 4-15 
measurements of, 4-19 
double-leaf bascule, 4-22 
floating, 4-23 
masonry arch, 4-18 
miscellaneous, 4-2, 4-20 
portal, 4-17 
simply supported, 4-2, 4-8, 4-13, H-3 
through H-6 
calculating concrete-stripping charge, 4-7 
categorizing, 4-10 
single-leaf bascule, 4-22 
steel-beam, 4-10 
with short side span, 4-17 
without short side span, 4-16 
steel-truss, 4-11 
with short side span, 4-17 
Suspended span, 4-15, 4-16 
suspension-span, 4-20 
swing-span truss, 4-21 
vertical-lift, 4-22 


C4. See composition, C4 
cantilever bridge. See bridge, cantilever 


cap 
blasting. See also blast(ing), cap 
crimper, 1-18, 1-19 


charge(s). See also demolition(s), charges 
abatis, B-2 
ammonium-nitrate 
priming of, 2-19, 2-20 
ammonium-nitrate satchel, D-5 
preparation of, D-5 
use of, D-5 
breaching, 1-1, 1-6, 4-24, B-3. See also 
breaching 
computation of, 3-15, A-8 
critical factors of, 3-15 
for reinforced concrete, 3-17, 3-18 
material factor of, 3-16 
metric, B-4 
tamping factor of, 3-16 
thickness of, 3-20 
calculation(s) of, 3-1, 3-2, 3-3 
desired demolition effect, 3-2 
direction of initiation, 3-3 
method of tamping, 3-2 
placement of charge, 3-2 
size of charge, 3-2 


target 
configuration of, 3-2 
factors, 3-8 
shape of, 3-2 
size of, 3-2 
strength of materials in, 3-2 
type of materials in, 3-2 
type of explosive, 3-2 
concrete-stripping, 4-7, 4-14 
charge calculations for simply supported 
bridges, 4-7 
description of, 4-7 
counterforce, 3-20 
calculation of, 3-20, A-8 
placement of, 3-21 
priming of, 3-21 
use of, 3-20 
cratering, 3-21 
calculation of, A-9 
confinement of, 3-21 
explosives, 3-21 
size of, 3-21 
diamond, 3-14, 3-15 
dimensions of, 3-14 
placement of, 3-15 
priming of, 3-15 
dimensions, 3-1 
ditching, 3-21 
confinement of, 3-21 
explosives, 3-21 
size of, 3-21 
dual-primed, 2-24 
dust initiator, D-3 
charge computations for, D-3 


detonation of TA 


fabrication of, D-4 
examples 
application of, A-1 
attack, A-12 through A-14 
charge, A-1 through A-9 
demolition, A-10 through A-11 
expedient flame fougasse, D-5, D-6 
function of, D-7 
preparation of, D-6 
external, 3-2, 3-5, 4-26 
forty-pound ammonium nitrate, 1-8 
advantages of, 1-8 
characteristics of, 1-7 
limitations of, 1-8 
priming of, 2-19, 2-20 
use of, 1-8 
grapeshot, D-2, D-3 
charge size of, D-3 
fabrication of, D-3 
improvised cratering, D-4 
internal, 3-2, 3-4, 4-26 
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kicker, 3-5 
land-clearing, 3-28 
boulder removal, 3-28, 3-29 
quarrying, 3-30 
stump removal, 3-28, 3-29 
normal cutting, 3-4 
number of, 3-19 
placement of, 3-1, 3-2, 3-19, F-2, F-3 
for deliberate road crater, 3-23 
for hasty road crater, 3-22 
on Armored Fighting Vehicles (AFVs), 3-33 
significance of, 3-2 
platter, D-2 
charge size, D-2 
fabrication of, D-2 
pressure 
for T-beams, B-3 
primary, C-1 
principles of, 3-1 
effects of detonation, 3-1 
significance of charge dimensions, 3-1 
significance of charge placement, 3-2 
ribbon, 3-12, 3-13 
length of, 3-12 
placement of on structural steel, 3-13 
thickness of, 3-12 
width of, 3-12 
ring, 3-6 
timber-cutting, 3-6 
saddle, 3-13, 3-14 
detonation of, 3-14 
dimensions of, 3-14 
placement of, 3-14 
satchel, 1-11 


ealartinn nf 3.3 
SULG UOI OF, 5-2 


special applications, 3-30 
special cutting 
purpose of, 3-12 
springing, 3-29 
steel-cutting, 3-8, 3-10, A-3 
explosives factors, 3-8 
formulas, B-2 
structural steel, B-2 
other steel, B-2 
metric weight of TNT, B-3 
hasty, A-4 
high-carbon steel, A-7 
I-beam, A-6 
steel bar, A-7 
steel plate, A-5 
supplementary, C-1 
timber-cutting, 3-4 through 3-7, 3-8 
abatis, 3-6 3-7 
external, 3-5, A-2 
untamped, B-2 
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formulas, B-1 
internal, 3-4, 3-5, A-1 
tamped, B-2 
ring charge, 3-6 
types of, 3-2 
underwater, 3-6, 3-7 


circuit resistance, E-1 


collapse mechanism 
beam, 4-4 
see-saw, 4-4, 4-19 
unsupported-member, 4-4, 4-19 


command post, 5-4 


commercial explosives. See explosive(s), 
commercial 


common series circuit, 2-10 


composition 
A3 (A3), 1-3 
B 1-3 


B4 (B4), 1-3 
C4 (C4), 1-3, 2-13, 3-5, 3-9, 3-11, 3-12, 3-17, 
3-18 4-26 


aU, AV 


: EZ E 
concrete bridge. See bridge, concret 
annnentn némimente me ah eise, Cas ale cece AN 
concrete-siripping CI . Dee Charges), 


concrete-stripping 
continuous bridge. See bridge, continuous 
cook off, 6-1 


counterforce charge. See charge(s), counterforce 


crater(s). See also charge(s), cratering 
as Culverts, 3-26 
as antitank ditches, 3-26 
deliberate, 3-23 
placing charges for, 3-23 
hasty, 3-22 
boreholes, 3-22 
charge size, 3-22 
firing system, 3-23 
placing charges for, 3-22 
tamping, 3-23 
in ice, 3-25 
boreholes, 3-25 
craters, 3-25 
in permafrost, 3-25 
boreholes, 3-25 
explosives, 3-25 
making vehicle obstacles, 3-26 
relieved-face, 3-23, 3-24 


cyclonite, 1-2 
cyclotrimethlenetrinitramine (RDX), 1-2 
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DA Form 2203-R. See reconnaissance, record 


debris, 4-1 
use of, 4-1 


deformation, 3-1 


deliberate road crater. See crater(s), road, 
deliberate 


denial operations, 5-1 


demolition(s). See also reconnaissance, orders 
and reconnaissance, record 
accessories, 1-13, G-3 
bridge 
attacks with, H-1 through H-11 
degree of destruction with, 4-1 
purpose of, 4-1 
unsuccessful, 4-4 
calculations, 3-1 
beam-and-slab bridge, A-10 
charge assembly, 1-11 
characteristics of, 1-11 
detonation of, 1-11 
use of, 1-11 
charges, 1-2, 1-18, 5-3, 6-13 
block, 1-4 through 1-7, 1-5, 1-6 
calculation of, 3-1 
improvised shaped, D-1 
M112 block, charge, 1-6, 3-12 
advantages of, 1-6 
characteristics of, 1-6 
limitations of, 1-6 
priming of, 2-13 through 2-15 
use of, 1-6 
M118 block, charge, 1-6, 3-12 
advantages of, 1-7 
characteristics of, 1-6 
limitations of, 1-7 
priming of, 2-15 
use of, 1-6 
M186 roll, charge, 1-7, 3-12 
advantages of, 1-8 
characteristics of, 1-7 
limitations of, 1-7 
priming of, 2-15 
use of, 1-17 
metric equivalent, B-1 
placement of, 3-1 
service, 1-4 
shaped, 1-9, 2-20, 3-21 
characteristics of, 1-9 
description of, D-1 
fabrication of, D-1 
M2A4, 1-9, 2-20 
M3AI, 1-9, 2-20 
priming, 2-20 through 2-21 


special precautions for, 1-10 
use of, 1-10 
sources of 
primary charges, C-1 
supplementary charges, C-1 
special, and assemblies, 1-9 
supplementary adhesive for, 1-18 
TNT block, 1-5 
advantages of, 1-5 
characteristics of, 1-5 
limitations of, 1-5 
priming of, 2-11 through 2-13 
use of, 1-5 
equipment set, 1-22 
expedient, D-1 through D-7 
techniques, D-1 
kit, 1-13. See also M1A2 Bangalore-torpedo 
demolition kit 
characteristics of, 1-12 
detonation of, 1-13 
material(s), 1-1, G-1 through G-9 
methods, 4-6, 4-21 
military, 5-2 
obstacles, 5-1 
operations, 5-1 
orders, 5-2, F-4 through F-8 
placement of charges, 3-1, 3-19, F-2, F-3 
planning, 5-1 
platter, D-2 
preliminary 
advantages of, 5-2 
progressive preparation of, 5-2 
purpose of, 5-2 
pressure charge. See charge(s), demolition 
pressure 


nrincinles of 3.1 
| sweep iv Way - + 


reconnaissance, 5-5 
orders, 5-5 
record, 5-6 
reserved 
command and control of, 5-4 
considerations for, 5-2 
purpose of, 5-2 
responsibilities for, 5-3 
states of readiness of, 5-3 
safety 
considerations for, 6-1 


destruction 
degree of, 4-1 
of equipment, 3-31 
guns, 3-31 
vehicles, 3-32, 3-33 
of military explosives 
concept of, 6-13 
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methods for, 6-13 
site selection, 6-13 
stages of, 4-2 
minimum conditions for, 4-3 


detonating cord, 1-14, 1-15, 2-25, 6-10 

branch line, 2-26 

characteristics of, 1-14 

clip, 1-17 
branch lines, 1-17 
splices, 1-18 

connections for, 2-25 

line main, 2-27 

precautions for, 1-15 

priming of, 2-11, 2-13, 2-14, 2-15, 2-18, 2-22, 
6-10 

ring main, 2-26 

safety of, 6-3 

use of, 1-15 

wick, D-4, D-5 


diamond charge. See charge(s), diamond 

direction of initiation, 3-3 

ditching. See also charge(s), ditching 
methods 


cross-section, 3-27 
single-line, 3-26, 3-27 


domestic explosives. See explosive(s), domestic 


double-leaf bascule bridge. See bridge, 
double-leaf bascule 


dust initiator charge. See charge(s), dust initiator 


dynamite 
M1 military, 1-4, 1-8 
advantages of, 1-8 
characteristics of, 1-8 
limitations of, 1-8 
use of, 1-8 
priming of 
electric, 2-18, 2-19 
nonelectric 2-16 
end, 2-17 
side, 2-18 
with detonating cord, 2-18, 2-19 
standard, 1-4 


electric blasting cap. See blast(ing), cap, electric 
electric power formula, E-1 
end-priming method, 2-16, 2-17 


EOD. See explosives ordnance disposal 
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expedient. See also demolition(s), expedient 
techniques, D-1 


expedient flame fougasse. See charge(s), 
expedient flame fougasse 


explosive(s), 1-2 
antitank mine, C-2 
commercial 
safety of, 6-3 
domestic 
amatol, 1-3 
ammonium nitrate, 1-1 
black powder, 1-3 
composition A3, 1-3 
composition B, 1-3 
composition B4, 1-3 
composition C4, 1-3 
cyclonite (RDX), 1-2 
dynamite, 1-4 
nitroglycerin, 1-3 
pentaerythrite tetranitrate (PETN), 1-1 
pentolite, 1-3 
tetrytol, 1-3 
trinitrotulene (TNT), 1-3 
equivalent metric weights for standard, B-1 
foreign 
composition of, 1-4 
priming of, C-4 
safety precautions for, C-4 
use of, 1-4 
identification of, G-1 
materials 
safety of, 6-1 
military, 1-1, 1-3, 3-21, 6-10 
characteristics of, 1-1 
destruction of, 6-13 
plastic 
priming of, 2-14 
safety of, 6-3 
selection of, 1-1 
sheet, 1-6, 2-16, 3-12 
safety of, 6-3 


explosives ordanance disposal (EOD), 6-13 
external charge. See charge(s), external 


firing 

device(s), 1-21, G-1 

point, 5-4 

system(s), 2-23 through 2-28, 3-24, F-2 
dual, 2-23, 2-24 
dual-initiated, singled-fired, single-primed, 

2-23 

dual-installed, dual-fixed, dual-primed, 2-24 
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Single, 2-23 
single-initiated, single-fired, single-primed, 
2-23 
wire, 1-20, 2-6, 2-7, 2-9, E-1 
-wire reel, 1-21 


floating bridge. See bridge, floating 
foreign explosives. See explosive(s), foreign 


forty-pound ammonium nitrate. See charge(s), 
forty-pound ammonium nitrate 


fuse 
safety, 1-14 
time, 1-14, 2-2, 2-5, 6-3 
time blasting, 1-13 


fuze igniter, 1-21, 1-22, 2-2 


GEMSS. See Ground Emplaced Mine 
Scattering System (GMESS) 


girth hitch, 2-26 
grapeshot charge. See charge(s), grapeshot 


Ground Emplaced Mine Scattering System 
(GEMSS), G-4 


hasty road crater. See crater(s), road, hasty 


hasty timber calculations. See timber, hasty 
calculations 


hygroscopic, 1-1, 1-3, 1-8, 2-20 


ice, 3-25 


improvised cratering charge. See charge(s), 
improvised cratering 
induced currents, 6-4 
initiation sets 
electric, 2-5 
Circuit initiation, 2-9 
components assembly, 2-5 
preparation sequence, 2-5 
series circuits, 2-10 
splicing electric wires, 2-9 
nonelectric, 2-1 
components assembly, 2-1 
fuse initiation, 2-4 
preparation sequence, 2-1 


intermediate supports, 4-26 
external charges on, 4-26 


intemal charges on, 4-26 
placing charges on, 4-26 


internal charge. See charge(s), internal 


jamming, 4-3, 4-10, 4-13 
bridge span, 4-3 
causes of, 4-5 


junction box, 2-28 


kicker charge. See charge(s), kicker 


land-clearing charge. See charge(s), 
land-clearing 


land mines 
charges for, C-1 
priming of, C-1 
safety precautions for, C-1 


lightning, 6-4 


line main, 2-27 


M1 
adhesive paste, 1-18 
detonating-cord clip, 1-17 
branch lines, 1-17 
splices, 1-18 
military dynamite, 1-4, 1-8 


M112 block demolition charge, 1-6, 3-12 
advantages of, 1-6 
characteristics of, 1-6 
limitations of, 1-6 
priming of, 2-13 through 2-15 
use of, 1-6 


M118 block demolition charge, 1-6, 3-12 
advantages of, 1-7 
characteristics of, 1-6 
limitations of, 1-7 
priming of, 2-15 through 2-16 
use of, 1-6 


M180 demolition kit (cratering), 1-13 
characteristics of, 1-12 
detonation of, 1-13 
use of, 1-13 


M183 demolition charge assembly, 1-11 
characteristics of, 1-11 
detonation of, 1-11 
use of, 1-11 
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M186 roll demolition charge, 1-7 
advantages of, 1-7 
characteristics of, 1-7 
limitations of, 1-7 
priming of, 2-15 through 2-16 
use of, 1-7 


M1A2 Bangalore-torpedo demolition kit, 1-12 
assembly of, 1-12 
characteristics of, 1-11 
detonation of, 1-12 
use of, 1-12 


M1A4 priming adapter, 1-16, 1-17, 2-2 
M2 cap crimper, 1-18, 1-19 


M2A4 shaped charge 
priming of, 2-20, 2-21 


M3A1 shaped charge 
priming of, 2-20, 2-21 


M32 10-cap blasting machine, 1-20 
M34 50-cap blasting machine, 1-20 


M51 blasting-cap test set, 1-19 
characteristics of, 1-19 
maintenance of, 1-19 
use of, 1-19 


M60 weatherproof fuze igniter, 1-21, 1-22, 2-4 
M700 time fuse, 1-14 

M8 blasting cap holder, 1-17 

masonry arch bridge. See bridge, masonry arch 


material factor (K), 3-16, 3-17 
for breaching charges (metric), B-4 


metric charge calculations, B-1 

military demolitions. See demolition(s), military 
military dynamite. See dynamite, military 
military explosives. See explosives(s), military 
miscellaneous bridge. See bridge, miscellaneous 


misfire 
electric, 6-9 
causes of, 6-9 
clearing procedure for, 6-9 
prevention of, 6-9 
detonating-cord, 6-10 
priming, 6-10 
nonelectric 
causes of, 6-8 
clearing procedure for, 6-8 
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prevention of, 3-25, 6-8 
procedures, 6-8 


missile hazards, 6-5 


mud-cap method. See boulder removal, 
mud-cap method 


nitroglycerin, 6-4 


nonelectric blasting cap. See blast(ing), cap, 
nonelectric 


normal cutting charge. See charge(s), normal 
cutting 


obstacle folder, 5-4, 5-6, F-1, F-8 through F-37 
contents of, 5-7 


language of, 5-6 
purpose of, 5-6 
special instructions for, 5-7 


pentaerythrite tetranitrate (PETN), 1-1 

pentolite, 1-3 

permafrost, 3-25 

PETN. See pentaerythrite tetranitrate (PETN) 

picric acid, 6-3 

plastic explosives. See explosive(s), plastic and 
priming, piastic, expiosives 

platter charge. See charge(s), platter 

pneumatic floats, 4-23 

portal bridge. See bridge, portal 

power source capacities, E-4 


preliminary demolition. See demolition(s), 
preliminary 


pressure charges. See charge(s), pressure 
pressure-sensitive adhesive tape, 1-18 
characteristics of, 1-18 
limitations of, 1-18 
uses of, 1-18 
primary charge. See charge(s), primary 
primary demolition. See demolition(s), primary 


priming, 2-11 through 2-22, F-3. See also 
detonating cord, priming; end-priming 
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method; and side-priming method 
adapter, 1-17, 2-2 
ammonium nitrate cratering charge, 2-19, 2-20 
Bangalore torpedo 
electric, 2-22 
nonelectric, 2-21 
with blasting cap, 2-22 
with detonating cord, 2-22 
dynamite, 2-16 
electric, 2-18, 2-19 
nonelectric, 2-16, 2-17, 2-18 
with detonating cord, 2-18, 2-19 
electric, 2-11, 2-12, 2-18, 2-20, 2-22 
with adaptor, 2-12 
without adaptor, 2-12 
forty-pound, ammonium nitrate cratering 
charges, 2-19, 2-20 
M112 (C4) demolition blocks 
electric, 2-13 
nonelectric, 2-13 
with detonating cord, 2-14 
M118 explosives 
electric, 2-15 
nonelectric, 2-15 
with detonating cord, 2-15 
M186 explosives 
electric, 2-15 
nonelectric, 2-15 


E "no aned 9.16 
with detonating cord, 2-15 


M2A4 shaped charges, 2-20, 2-21 
M3A1 shaped charges, 2-20, 2-21 
methods of, 2-11 
nonelectric, 2-11, 2-20, 2-21 
end, 2-17 
side, 2-18 
with adaptor, 2-11 
without adaptor, 2-11 
plastic explosives, 2-14 
shaped charges, 2-20, 2-21 
sheet explosives, 2-16 
TNT, 2-11, 2-12, 2-13 
TNT demolition blocks 
electric, 2-12 
nonelectric, 2-11 
with detonating cord, 2-13 


quarrying, 3-30 
radial cracks (cracking), 3-1 


range safety. See safety, range 
RDX. See cyclotrimethlenetrinitramine (RDX) 


reconnaissance 
orders, 5-5 
record, 5-6, F-1, F-38 through F-42 
purpose of, 5-6 
information required, 5-6 
relieved-face road crater. See crater(s), road, 
relieved-face 


reserved demolition. See demolition, reserved 
resistance. See also circuit resistance 
in copper wire, E-2 
ribbon charge. See charge(s), ribbon 
ring charge. See charge(s), ring 
ring main, 2-26, 2-27 


saddle charge. See charge(s), saddle 


safety 
demolition, 6-1 
distance, 6-5, 6-6, 6-7 
storage 
magazines, 6-12 
temporary storage, 6-12 


safety fuse. See fuse, safety 
satchel charge. See charge(s), satchel 


see-saw collapse mechanism. See collapse 
mechanism, see-saw 


series 
circuits, 2-8, E-1 
calculations, E-2 
common, 2-10 
leapfrog, 2-11 
firing circuits 
power requirements for, E-1 
service demolition charge. See demolition(s), 
charges, service 


shaped demolition charge. See demolition(s), 
charges, shaped and priming, shaped charges 


sheet explosive. See expiosive(s), sheet and 
priming, sheet explosives 
side-priming method, 2-17, 2-18, 2-19 


simply supported bridge. See bridge, simply 
supported 


single-hole bascule bridge. See bridge, 
single-leaf bascule 
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snake-hole method, See boulder removal, 
snake-hole method 


spall(ing), 3-1, 3-20, 4-7 


span 
differences, 4-9 
measurements of simply supported, 4-13 


special cutting charges. See charge(s), special, 
cutting 


special demolition charges and assemblies. See 
demolition(s), charges, special, and assemblies 


splice(s), 1-18 
two-wire, 2-10 
Western Union pigtail, 2-8 


splicing 
electric wires, 2-9 
Springing charge. See charge(s), springing 
square-knot connections, 2-25 
standard dynamite, 1-4 


States of Readiness 
1 (Safe), 5-3 
2 (Armed), 5-3 


Static electricity, 6-4 

Steel-beam bridge. See bridge, steel-beam 
steel-cutting charge. See charge(s), steel-cutting 
Steel-truss bridge. See bridge, steel-truss 
stemming, 3-2 

storage safety. See safety, storage 

stress-wave method. See charge(s), diamond 


stump(s) removal, 3-28 
laterally rooted, 3-28 
taprooted, 3-28 


supplementary charges, See charge(s), 
supplementary 


supplementary adhesive, 1-18 
characteristics of, 1-18 
uses of, 1-18 


survivability positions, 3-30 
charge size for, 3-31 
concealment of, 3-31 
depth of, 3-30 
spacing of, 3-30 


suspended span bridge. See bridge, suspended 
span 
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suspension-span bridge. See bridge, 
suspension-span 


swing-span truss bridge. See bridge, swing-span 
truss 


tamping, 4-8 
factor (C), 3-16, 3-17 
material, 3-2 
method of, 3-2 


target 
calculating charges for, 3-2 
folder, F-1, F-4 through F-37 


tetryl, 1-3 


tetrytol, 1-3 

timber 
hasty, calculations, 3-7 
-cutting charges. See charge(s), 
timber-cutting 


time blasting fuse. See fuse, time blasting 
time fuse. See fuse, time 

TNT. See trinitrotoluene (TNT) 

top attack. See attack(s), top 

toxicity, 6-4 


transportation 
regulations, 6-10 
safety procedures for, 6-10 


trinitrotoluene (TNT), 1-3 
block demolition charge. See demolition(s), 
charges, TNT block and priming, TNT 
demolition blocks 
priming of, 2-13 


underwater 
charge. See charge(s), underwater 
operations 
detonating cord, 6-5 
explosives in, 6-5 
M60 fuze igniter, 6-6 
nonelectric caps, 6-5 
time fuse, 6-5 


unsupported-member collapse mechanism. See 
collapse mechanism, unsupported member 


vehicle obstacles, 3-26 
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vertical-lift bridge. See bridge, vertical-lift 


voltage drop, E-3 


PAPAA d que 1.1 
waterproof sealing compound, 1-1 


e 
o 


Western Union pigtail splice, 2-8 
wing walls, 4-24 
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